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Westinghouse believes that, to be a good citizen in our indus- 
trial society, it should do more than make and sell high-quality 
goods and services. For example, it gives active and substantial 
aid in the field of scientific, engineering, and business education 

The educational activities of Westinghouse are both numerous 
and varied. Some are of benefit to students directly. Others are 
designed to assist teachers. And some deal with Company em 
ploye training and educational programs. On this page their 
programs can be but little more than enumerated and identified. 
rhe programs are administered, some by the Westinghouse Com 
pany and others by the Westinghouse Educational Foundation 
established for that purpose in 1944. The Foundation has sepa- 
rate corporate entity and its own trustees and management. 
Its funds come solely from the parent Company. In all, the 
Company and the Foundation maintain 156 scholarships, 137 
fellowships, and 4 professorships. 

The Westinghouse Science Talent Search is a means of encourag 
ing, at the high-school level and on a national scale, study of the 
sciences. Each year, from some 15 000 applicants, 300 top students 
are selected to compete for 40 college scholarships and other re 
wards. Not only does this search, supported by the Foundation, 
provide direct aid to 40 of the most promising youth in the field of 
science but it also has side effects. Because of the national atten 
tion the competition brings to all the participants, the 260 
honorable mention winners almost always receive other scholar- 
ship offers and encouragement to continue their education in 
scientific fields. . 

Ihe Educational Foundation also provides funds for the 4-H 
Farm and Home Electric Awards Program. Each year six out 
standing members of the 4-H Club are awarded college scholar 
ships in recognition of their outstanding achievements in the 
field of farm and home electrification 

Direct aid in the form of scholarships is given many engineer 
ing-college undergraduates. The Foundation currently provides 
scholarships for 23 engineering students. These Achievement 
Scholarships are established at universities to be awarded to 
Juniors in engineering who have shown exceptional promise and 
who deserve reward in their Senior year. This reward is a scholar 
ship that, first, recognizes their achievement and, second, en 
courages them to continue their superior work. 

Ever since World War I, four War Memorial Scholarships are 
granted by the Company to junior employes or to sons of West- 
inghouse employes on a stiff competitive basis. These extend over 
the normal four years and are usable by the winners in any 
accredited engineering college. 

The George Westinghouse Scholarship Program. Each year the 
Carnegie Institute of Technology conducts a nation-wide contest 
for 10 scholarships underwritten by the Foundation. Each 
is a four-year scholarship and currently covers tuition plus a 
modest allowance for certain expenses. 

A new and novel venture in technical training in connection 
with Westinghouse manufacturing operations in the Baltimore 
area is being watched with interest by educators. As a result of 
competitive examinations, 30 high-school graduates who are 
unable to continue their undergraduate education without as- 
sistance are given positions at regular wages in the engineering 
and manufacturing departments of the Company’s plants in the 
area. By arrangement with local universities these young men 
take selected courses in science and engineering. At the outset, 
Westinghouse pays one half the tuition for each course success 
fully completed and, if the worker-student satisfactorily com 
pletes the entire course of study, he receives a certificate to that 
effect and is reimbursed for the second half of his tuition. 

Graduate work is becoming more and more important in our 
complex industrial society. To this end the Foundation grants 
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fellowships to 27 men and women of outstanding scientific 
promise for study beyond the bachelor’s degree. These fellow- 
ships encourage work not only in engineering but also in indus- 
trial relations and business administration. In most cases the 
fellowships carry a stipend between $1200 and $1500 per year, 
plus an allowance to the school, in most instances. 

In an integrated education-assistance program, the teachers 
are as important as the students. As evidence of the realization 
that the groundwork for future scientists is laid in the high 
schools, refresher courses are provided by the Foundation for up 
to 100 high-school science teachers each summer through fellow- 
ships. These are divided between two programs of six weeks each. 
One is conducted at Massachusetts Institute of Technology and 
the other at Carnegie Institute of Technology. 

The Foundation maintains four professorships in different 
fields at different institutions. It also provides $1000, given as an 
award each year by the American Society for Engineering 
Education, to the young teacher of engineering whose ability, 
teaching methods, and guidance of students has distinguished 
him above his contemporaries. 

Professors of science or engineering have a very real problem 
in keeping abreast of developments in today’s fast moving 
technology. Of major assistance with this is the Summer Experi- 
ence Program for Professors. Each summer some two dozen pro- 
fessors from schools of engineering, business administration, and 
liberal arts spend several weeks on work assignments in their 
field in various Westinghouse plants, which enable the professors 
to establish contact with experts and to observe current practices 
in their field of interest. The period ends with a week’s seminar 
during which they discuss management problems with key people 
in Westinghouse administrative and technical departments. 

The oldest, most major, and best known of all the Westing- 
house educational programs is the Graduate Student Training 
Course. Established about 50 years ago, this course provides nine 
months’ to a year’s specialized instruction in engineering, manu- 
facturing, and sales to the several hundred science, engineering 
and business administration graduates hired each year. Some 
17 000 engineers, comprising the main source of new technical 
talent for the Company’s operations, have received this post- 
graduate training. 

Westinghouse employes are encouraged to continue their 
training beyond college. Special arrangements are made with 11 
universities in Westinghouse plant cities for employes to take 
graduate courses of their choice—technical or otherwise, in the 
late afternoon and evening. A substantial portion of the tuition 
fees is paid by the Company. In 25 years, 6000 employes have 
taken courses for credit, of which many have led to graduate 
degrees, totaling 248 M.S.’s and 17 Ph.D.’s. 

This growing partnership of industry and education has many 
benefits—to industry, to educators, to students, to the future of 
science and engineering, and to America. Some of the programs— 
such as the Science Talent Search—are, from the point of view 
of the sponsor, purely an investment in the future. Westinghouse 
realizes that the quality and quantity of technically trained 
people five and ten years from now depends on encouragement 
given the youngsters of today. Other aspects of the Westing- 
house educational interests are motivated by a realization that 
whatever helps in the field of advanced education eventually helps 
the companies who use technology in producing goods and 
services. Some, of course, like the student training program, are of 
direct, immediate benefit to the Company. 

Westinghouse believes that raising all levels of scientific and 
engineering training increases the technical abilities of the nation. 
This in turn, benefits everyone concerned with technology—i.e., 


everyone benefits. 
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On the Side 
Grain-oriented Hipersil steel is the sub- 
ject of this month’s cover by Dick Marsh 
as suggested by the thin ribbons of steel 
winding into the transformer coil, and by 
the artist’s representation of a single 
crystal of the metal. 
eee 
Ice 20 feet thick will be no match for 
a new U.S. Navy ice breaker, the AGB4. 
The two propulsion motors, to be built by 
Westinghouse, will have a maximum rat- 
ing of 10500 hp at 120/175 rpm. Ten 
diesel-engine generators will supply power 
to the motors, five generators in parallel 
to each motor. Builders of the new ship 
will be the Ingalls Shipbuilding Corpora- 
tion of Pascagoula, Mississippi. 
eee 
Airplanes parked to receive or disem- 
bark passengers are as hot as furnaces or 
as cold as refrigerators, depending upon 
the season—or at least so it seems to 
waiting passengers. At the new Greater 
Pittsburgh Airport this situation has been 
alleviated by providing a central air- 
conditioning and heating system that con- 
nects directly to the waiting plane by 
hose. Trap doors on the apron will con- 
tain hoses for conditioned air as well as 
for gas and oil. Moreover the air will be 
clean. Precipitron air cleaners will be at 
work in the system. 
eee 
The first generator to employ the new 
hydrogen inner-cooling technique for both 
rotor and stator will be an 80000-kw 
3600-rpm machine for the Niagara Mo- 
hawk Power Company. This new West- 
inghouse generator is scheduled for ship- 
ment to the utility’s Huntley station 
next March. 
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/ A STAFF OF LIFE 


The word “phosphorus” is showing up more frequently in the news. Not, 
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fortunately, because it is becoming scarce as is the case with some materials. 
Both the United States and the world as a whole have large reserves of phos- 
phate rock. Phosphorus is getting more attention because of the increasing 
amounts of it being used and because of many new uses being found for it. 


for a few dozen 


M AN CAN live without air for a few minutes. He can survive 


hours without water. He can live without food for a number of days. With- 


out phosphorus he can retain his health for only a few months. Phosphorus is essen- 
tial to man. It is, literally, in his bones. Phosphorus is, in fact, essential to all life— 
animal and plant. Phosphorus has a key role in photosynthesis 

While phosphorus cannot become more essential to man, it is becoming useful 
to him in more ways—although uses of phosphorus long have numbered in the 
hundreds. Few compounds can boast of a greater variety of applications than 
those of phosphorus. In the last half-dozen years phosphorus has won a vastly 
enlarged position in man’s never-ending program to keep himself and his posses- 


sions clean. It is an important constituent of most of the new detergents now so 


rapidly replac ing ¢ onventional soaps 
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Demonstration of phosphorus burning. 
(Photo by Monsanto Chemical Co.) 


Because, of such enlarged uses the 
elemental phosphorus industry is un- 
dergoing tremendous expansion. These 
expanded uses are responsible for the 
recently built and projected estab- 
lishment in Idaho and Montana of 
several large phosphorus plants, and 
the expansion of existing facilities in 
Tennessee and Florida equipped with 
the largest electric furnaces built for 
any purpose. 

Phosphorus is a friendly element. 
It willingly joins many others and in 
many combinations. The principal 
categories are compounds of sodium, 
calcium, potassium, and ammonia. Of 
very special importance is the com- 
bination with oxygen and water 
known as phosphoric acid, because it 
is the starting point for many phos- 
phorus compounds, in addition to 
having scores of uses of its own. 

Phosphorus is never found free in 
nature. It is a much too active ele- 
ment for that. In the natural scheme 
of things phosphorus joins with cal- 
cium. The chief natural phosphates 
(phosphate rock and apatite) have the 
structure 3[Cas(PO,)2 * CaX] in which 
X can be any one of several elements 
or molecular combinations, although 
fluorine is the more common. Thus the 
chief phosphate rocks of commerce are 
essentially fluorapatite. The principal 
impurities in phosphate rock are ox- 
ides of iron and aluminum, silica, and 
calcium carbonate, but there aremany 
others. The fluorine present is espe- 
cially important because fluorine re- 
maining in fertilizer made from the 
rock restricts the availability of the 
phosphorus for plant nourishment. 

Phosphorus is not fussy about how 
it joins with calcium. Several manu- 
factured calcium phosphates are made 
from phosphoric acid. If the amount 
of calcium available to join with the 
acid is small the result is monocalcium 
phosphate. This compound is widely 
used in the manufacture of baking 
powder, self-rising flour, and “‘phos- 
phated” flour. In grandmother’s day, 
baking a cake was a matter of assem- 
bling the many ingredients in the 
right proportion and of spending 


Prepared by Charles A. Scarlott from information 
provided by Westvaco Chemical Division of Food 
Machinery and Chemica! Corporation; Victor Chem 
ical Company; Monsanto Chemical Company; Vir 
ginia-Carolina Chemical Corp.; U. S. Department 
of Agriculture; Chemical Development Division, TV A; 
International Minerals & Chemical Corporation; and 
Westinghouse 
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hours in the kitchen. Today’s popular ‘“‘ready-mixes,”’ thanks 
to phosphates such as calcium and sodium, greatly short cut 
that operation, and (with all due respect to grandmother's 
skill) with more consistent results. 

If a little more calcium is available for reaction with phos- 
phoric acid, the product is dicalcium phosphate. And if ample 
quantities of calcium are at hand, we get a product termed 
commercially, tricalcium phosphate, but whose structure is 
in some question. The di- and tri- varieties show up in tooth 
pastes and powders, for food enrichment, as anti-caking 
agents in table salt and sugar, and in medicines. Calcium 
phosphate compounds are the principal mineral constituent 
of human and animal bones. 

Still another compound is formed when dicalcium phos- 
phate is strongly heated. It is calcium, pyrophosphate, used 
for food enrichment and pharmaceutical functions. 

The phosphorus compounds that have climbed to the top 
in volume are those of sodium—excluding fertilizers, that is 
—but more of those later. Phosphorus combines with sodium 
as readily as it does with calcium, As with the calcium phos- 
phates, there are the mono-, di-, and tri- varieties. Also there 
are the tetrasodium and the sodium acid pyrophosphates and 
sodium tripolyphosphate. 

This large sodium-phosphate family takes care of an 
astonishing array of jobs. The big one is the detergent busi- 
ness. Industry has used these for many metal-cleaning pur- 
poses for years, but their introduction for home use on a 
large scale about 1945 is responsible for their meteoric rise in 
quantity. About one-half of the total elemental phosphorus 
production is converted to tetra-sodium pyrophosphate and 
sodium tripolyphosphate alone, of which about 500 million 
pounds per year are manufactured. The sodium and other 
phosphates are used in tremendous quantities as detergents 
or soap builders and water-softening agents. 

The mono- and disodium phosphates and ‘“hexametaphos- 
phate’’ (Calgon) also have water-softening properties and are 
used extensively for boiler-water conditioning. The acid pyro- 
phosphate enters into the formulation of self-rising flours and 
baking powders as a baking acid reacting with sodium bicar- 
bonate when heated. In addition the sodium salts find appli- 
cation as emulsifiers in making process cheese, as an ingre- 
dient in evaporated milk, for reducing the viscosity of oil-well 
drilling muds, in the preparation of enamels, of glazes for 
pottery, pharmaceuticals, photographic materials, contact 
tinning, metal polishes, weighting of textiles, manufacture of 
dyes, scouring of wool, production of bath salts, and others 

The potassium phosphates—again mono-, di-, tri-, and a 
pyrophosphate—are generously used in production of peni- 
cillin and other pharmaceuticals, as fermentation agents, in 
oil refining, as soap ingredients, for textile weighting, and in 
manufacture of synthetic rubber. Ammonium phosphates 
(mono- and di-) are used as flameproofing compounds, in 
yeast and malt, as plant nutrients, in dentifrices, and in oil- 
refining processes. 

Not all phosphorus compounds are made from phosphoric 
acid. Phosphorus pentoxide and phosphorus trichloride, phos- 
phorus oxychloride, and phosphorus pentachloride are made 
from elemental phosphorus. Phosphorus pentasulphide is 
used, for example, in lubricating-oil additives. The pentoxide 
of phosphorus is used in asphalt, while phosphorus trichloride 
has a place of importance in the manufacture of organic 
phosphate plasticizer. 

Phosphoric acid, in addition to being the parent of all in- 
organic phosphates, is used in large amounts in the prepara- 
tion of antibiotics and for metallurgical purposes. It is also 
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used in soft drinks, in gelatin, as an acidulating agent in imita- 
tion jellies and preserves, and in other foods, is used as a 
silage treatment, for metal cleaning and rust proofing 

There are many other phosphates, among them being those 
of iron, magnesium, aluminum, barium, beryllium, copper, 
lead, lithium, silver, and zinc. Just to show the variety of uses 
of these compounds—minor in volume by comparison with 
those of sodium, calcium, and potassium—iron phosphates 
are employed in iron enrichment of bread and other foods; 
aluminum phosphates in the manufacture of ceramics; copper 
phosphates as fungicides; zinc phosphates in paints; and mag- 
nesium phosphates in dentifrices. 

Phosphorus by itself has one spectacular use. The yellow 
variety burns spontaneously and rapidly in air, forming 
dense, white clouds of smoke. These are the smoke screens so 
extensively used to hide military operations. Phosphorus is 
also used in tracer bullets and incendiary bombs. 


Phosphate Rock Aplenty 


Phosphorus, fortunately, is not on that lengthening list of 
elements threatened with scarcity or exhaustion. With phos- 
phorus absolutely essential to life processes of both animals 
and plants it is fortunate that large bodies of its ores are well 
scattered about the earth. 

The United States, particularly, is rich in reserves of phos- 
phate rock. The known workable ores in this country are 
considered ample for many centuries at present rate of use. 
In addition, other bodies of rock may be found, and there are 
large amounts of low-grade material lying around not now 
counted as workable. Phosphate rock and apatite (which is a 
complex compound of fluorine and calcium phosphate) occur 
in 21 states, of which the major bodies in order of declining 
magnitude are Idaho, Florida, Utah, Montana, Wyoming, 
and Tennessee. The two largest deposits are in Idaho and 
Florida, each of which has been estimated at more than 
5 billion long tons. (Present annual production of phosphate 
rock in the United States is not quite 10 million long tons.) 
Next is Utah with not quite 2 billion. Montana has nearly 
40 million; Wyoming, about 100 million; and Tennessee, some 
150 million, which is being fast depleted because of the 
extensive operations going on there for many years. These 
figures should be taken to indicate approximate magnitudes 
of reserves, because accurate estimates are not available 


Some Principal Phosphorus Compounds and Their Chemical Shorthand 





Phosphoric acid— HsPO, 
Monocalcium phosphate— Ca(H,PO,)2-H,O 
Dicalcium phosphate— __ ~ CaHPO,-2H,0 
Tricalcium phosphate— Cas(PO,)2 
Calcium pyrophosphate— Ca,P,0 
hosphate- NaH,PO, 
ar Na,HPO, 
NasPO, 
Na,P,O. 
Na:H:P,0 
NagP,O, 





Monopyrophosp 
Dipyrophosphate— 
Tripyrophosphate— 2 
Tetra-sodium pyrophosphate— aii 
Sodium acid pyrophosphate— 
Sodium tripolyphosphate— 
Phosphorus pentoxide— POs 


Phosphorus trichloride—_ = PCI 


Phosphorus oxychloride— res Sone POCI; 
Phosphorus pentachloride— PC 1s 
Phosphorus pentasulphide— ——————_P2S 


Phosphorus trichloride— PCls 
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Loading trucks with phosphate matrix. The dragline doing the 
mining is a Bucyrus-Monhighan with a 4 cu yd bucket. The 
trucks being loaded are Euclid bottom dump trucks and will 
hold from 12 to 14 tons of phosphate matrix. This material as 
mined will be carried to either the washing plant for hydraulic 
classification or to a crusher and, after crushing, will be used asa 
raw material in sintering. (Photo by Monsanto Chemical Co.) 


In all, the United States is credited with 10 to 15 billion 
long tons, or about 30 percent of the known world amount. 
French Morocco, with probably 20 billion tons, has the largest 
body of phosphate rock of any nation. Its neighboring states 
along the Mediterranean also have worthwhile reserves. The 
following estimates have been made: Algeria, with 1.0; Mo- 
rocco, 1.0; and Egypt, 0.2 billion. Russia is amply provided, 
with 7.5 billion tons. Brazil is well supplied with a half billion 
tons, but it is not considered economically usable at present. 
At least another 2 billion is well scattered in other continental 
areas and islands. On the other hand, many large and im- 
portant areas have little or no resources of phosphate. The 
knowledge of world phosphate-rock reserves is incomplete, 
but the world as a whole need not worry about its stores of 


this essential substance. 


The Phosphorus Industry 

The phosphorus industry is in two major parts, some firms 
being engaged in one, others in both. These are the manufac- 
ture of fertilizer and the production of elemental phosphorus 
and its compounds. In tonnage, the fertilizer is much the 
larger. In 1951 about 6.0 million long tons of phosphate rock 
were converted to superphosphate fertilizer, which was 56 
percent of total production. About 15 percent of the total, 
or 1.6 million long tons, went into production of elemental 
phosphorus and phosphorus compounds. Some sodium phos- 


phates and phosphoric acid are made from phosphate rock by 


a chemical process not involving prior conversion to phos- 
phorus. The elemental phosphorus business, however, is fast 
growing, ratiowise. The production of elemental phosphorus 
has grown steadily from 1.3 million pounds in 1914; to 21 
million pounds in 1930; to 97 million in 1940; to 307 million 
in 1950. Today there are 25 electric furnaces in the United 
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States manufacturing elemental phosphorus. These have a 
total rated capacity of 360 million pounds per year. Con- 
sidering the furnaces under construction or projected, the 
annual phosphorus capacity in 1953 should exceed 520 mil- 
lion pounds. What this means to the electrical industry is 
suggested by the fact that production of elemental phos- 
phorus requires several billion kwhr annually. 

Until the recent migration to the Western states the phos- 
phorus industry—both fertilizer and elemental—was based 
almost entirely on surface-mined Florida and Tennessee rock 
(90 percent until 1949). The superphosphate fertilizer indus- 
try still depends for the most part on Florida rock or pebble 
removed from open pits by huge draglines (8.1 of the 10.2 
million tons of rock mined in 1950). Florida has large quan- 
tities of rock but is short of low-cost electric energy. Never- 
theless expansion of elemental phosphorus production in 
Florida since 1945 has been substantial. The TVA activity, 
whose output of elemental phosphorus goes into the manu- 
facture of triple superphosphate and calcium metaphosphate 
fertilizers and into ordnance, has operated mainly on rock 
mined in Tennessee and Florida. However, the Tennessee 
reserves are limited. This fact and the growing demand for 
pure or food-grade phosphoric acid led the westward migra- 
tion, begun by Westvaco Chemical Company, and quickly 
followed by Victor Chemical Works and Monsanto Chemical 
Company. The western states have enormous phosphate 
rock deposits and fortunately are also generously supplied 
with low-cost hydroelectric energy. Some of the phosphate 
rock in the western deposits can be recovered by surface 
methods, but most of it will be mined underground. 


Production of Elemental Phosphorus 

In principle the recovery of phosphorus from calcium 
phosphate rock is one of the simplest of ore-reduction proc- 
esses. In theory it is necessary only to heat the rock in the 
presence of carbon and silica. When hot, the calcium phos- 
phate is reduced by carbon, forming calcium oxide and send- 
ing off phosphorus vapor and carbon monoxide gas, which 
can easily be separated. The reaction, greatly simplified, can 
be given as: 2Ca3(PO4)2+6Si02+ 10C = 6CaSi03;+ P,+10C0. 
Other considerations, however, introduce complications. 

The heat could be applied in a fuel-fired furnace. In fact 
this method was successfully used several years ago. A full- 
scale fuel-fired blast furnace for the production of elemental 
phosphorus was erected at Nashville, Tennessee, in 1929 and 
operated for 10 years. Its output was approximately 150 000 
pounds of POs per day, equivalent to an electric furnace 
capacity of about 16 000 kw. 

In the blast-furnace process, as was the case with most of 
the earlier electric furnaces, the bulk of the phosphorus was 
recovered as phosphoric acid, the yields of phosphorus and 
acid from the rock being about the same in both processes. 
As the cost of coke and labor continued to rise, and as higher 
efficiencies in the generating plants made lower costs of elec- 
tric power possible, the electric-furnace process for the pro- 
duction of phospltorus became the more economical method 
and replaced production by the coke-fired blast furnace. 

The electric-furnace method of elemental-phosphorus man- 
ufacture is obviously linked with low-cost electric power. 
Thus it was natural that one of the first applications of 
hydroelectric energy developed at Niagara Falls was to a 
phosphorus furnace. This was in 1896. Several small, single- 
phase furnaces totaling 1500 kw, which, while less than one 
tenth the size of the three-phase furnaces now operating in 
Idaho, Florida, Tennessee, South Carolina, and Montana, 
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were then sufficient to meet the country’s modest needs for 
elemental phosphorus. It produced phosphorus by the fun- 
damental and still the standard reaction of heating a mixture 
of phosphate rock, gravel, and coke to produce a calcium- 
silicate slag, phosphorus, and carbon monoxide. 

Silica is necessary to accomplish the chemical reaction in 
the furnace by which phosphorus is liberated, and also to 
convert the residue—calcium silicate—into a fluid slag that 
can be easily withdrawn from the furnace. 

Here, then, are the fundamentals of elemental phosphorus 
manufacture: phosphate rock, coke, and silica are carefully 
sized and are separately heated in rotary kilns to drive out 
moisture and other volatiles. They are then blended in correct 
proportions to form the furnace feed. The reaction takes place 
in the totally enclosed furnace at a temperature of about 
2700 degrees F. Air must be excluded, otherwise phosphorus 
would burn as it is formed. Phosphorus vapor and monoxide 
leave together. Dust from the charge and vaporized potassium 
compounds are extracted in electrostatic precipitators. This 
by-product is useful as a potash-phosphate fertilizer. The gas 
mixture is then met by sprays of cool water that condense the 
phosphorus to a liquid 99.9 percent pure, which is pumped— 
air carefully being excluded—to storage tanks or tank cars 
where it is kept under a layer of water. Fortunate for this 
separation of phosphorus from monoxide is the fact that 
phosphorus vaporizes at 537 degrees F and is a liquid above 
111 degrees F. The monoxide becomes the fuel for the raw- 
materials drying kilns. Remaining in the furnace are two 
liquid materials: slag (calcium silicate) riding on a layer of 
ferro-phosphorus. The slag is drawn off and sold as agricul- 
tural liming material, for road ballast, for light-weight aggre- 
gate, or other purposes. The heavier liquid is the result of 
phosphorus combining with the iron and other metallic im- 
purities that existed in the phosphate rock and coke. It is 
tapped through a hole in the bottom of the furnace and cast 
into pigs. It has commercial value, as in steelmaking, for 
various purposes, such as a deoxidizing and alloying agent. 

The phosphorus is conveyed in tank cars to plants where 
it is burned with air to form POs, which, combined with 
water, makes phosphoric acid. Thus we have the product that 
is the starting point for scores of phosphorus compounds and 
that is of sufficient purity for food and other human use. 


Phosphorus and Fertilizer 


Phosphoric acid used in fertilizer manufacture could be 
made by the electric-furnace method. But such purity of 
product is not required. Costs are higher, considering cost 
and availability of sulphuric acid and electric energy. Hence, 
in the United States the electric-furnace method is used for 
fertilizer only in a government-operated plant. The fertilizer 


business is thus a separate industry, with a single exception 
to be mentioned. 

The story of the fertilizer phase of phosphorus is the story 
of the life cycle itself. Several elements are required to main- 
tain life processes of plants and animals. Principal among 
these are nitrogen, potassium, and phosphorus. Plants take 
up phosphates, along with other nutrients. Animals, in- 
cluding man, eat the plants, obtaining thereby the calcium 
and phosphorus primarily necessary for bones and teeth but 
also needed for other physiological functions. Likewise the 
waters of the earth wash the soluble phosphates down to the 
sea to be utilized by fish for bony structure and by some 
crustaceans for shells. 

Obviously this one-way flow of phosphorus cannot forever 
continue. Somehow, if plant-supporting phosphorus is re- 
moved from the soil, phosphorus and other minerals must be 
eventually returned or the life spark will go out. Man found 
that out long ago—perhaps by accident. He discovered that 
grass grew taller and greener over old bone piles—as in old 
battlefields. A thriving industry grew up in making fertilizer 
from old bones. 

But bones could never supply enough needed phosphorus 
for fertilizer to keep the earth’s billions alive. Too many 
bones don’t get back into the cycle. “ortunately, it doesn’t 
matter much. We can call on the large stocks of phosphorus 
residing in the world’s numerous beds of phosphate rock. 

Having phosphate rock does not mean we have fertilizer. 
Monocalcium phosphate is quite soluble in water, which 
means it is readily available to plants. However, the calcium 
phosphate that is the debris of animal life is a tri- variety 
that is relatively insoluble but, like bone-meal, is of value to 
vegetation. Through long exposure to fluorine-containing 
waters, this debris is converted to fluorapatite, which is even 
less soluble. While some phosphate rock is crushed and used 
as fertilizer directly, its effectiveness by comparison with the 
mono- form is quite small. The problem is to break down the 
structure of the fluorapatite and form a more soluble phos- 
phate, such as monocalcium phosphate. This is the bulk of 
the business of the phosphate-fertilizer industry, the product 
being called superphosphate, which contains 18 to 21 percent 
P.O; in forms (mono- and dicalcium phosphate) available for 
plant use. There are, however, other phosphate fertilizers. 

The process for making ordinary superphosphate, reduced 
to bare fundamentals, is as follows: Phosphate rock, prefer- 
ably of high grade because the impurities dilute the resulting 
superphosphates, is finely ground and treated with strong 
sulphuric acid and set aside for a number of days to allow 
the reaction to complete. The ‘‘cured” product, superphos- 
phate containing monocalcium phosphate and calcium sul- 
phate, is ground, bagged, and sold. About 5.6 of the 10 million 


The essential, greatly simplified steps in the production of phosphate fertilizer and elemental phosphorus. 
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tons of phosphate rock mined In 1950 were converted to 
uperphosphate by this process 
It is a fine process. The only catch to it is the enormous 
quantities of sulphuric acid it consumes—and the sulphur 
picture is not rosy. About 45 percent of the total sulphuric 
icid produced in the United States now goes into phosphate 
manulacture 
The phosp! ate rock is also used to prepare a fertilizer con- 
taining an even larger proportion of monocalcium phosphate 
than is present in ordinary superphosphate. The product is 
called triple superphosphate because of its high concentra 
tion of POs, which averages between 43 to 48 percent ol PO 
ivailable as plant food. The more concentrated fertilizer 
offers the obvious advantages of less bulk to package, store, 
ship, and handle in processing and in application to the soil, 
is well as utilization benefits. Triple superphosphate for 


these reasons is growing in favor although the annual pro 


ELECTRICAL EQUIPMENT FOR 


Electric furnaces that reduce phosphate rock to ele- 
mental phosphorus do not have the inferno fire and 
brimstone manner of metal-melting furnaces. But they 
are as large and have similar power-supply problems. 


ryPHeE PRODUCTION of elemental phosphorus is presently 
I carried on through the use of three processes. One of these 
s the wet process, in which phosphate rock is treated with 
sulphuric acid, a second is by use of a fuel-fired blast furnace, 
and the third is by the electric-furnace process. 

The electric-furnace process is not new in the sense of 


An electric furnace used by TVA for the production of elemen- 
tal phosphorus, most of which goes into production of fertilizer. 








iction is still small compared to superphosphate. In 1950 
the industry produced 1.6 million tons of superphosphate; 
0.32 million tons of triple superphosphate (in terms of avail- 
ible POs). The production of triple superphosphate has 
more than doubled since War IT. 

Phosphoric acid for making triple superphosphate can be 
obtained in either of two ways. One is the so-called ‘“‘wet”’ 
process by which phosphate rock is treated with a surplus 
of sulphuric acid to yield phosphoric acid and calcium sul- 
phate. The inert calcium sulphate is filtered out and the crude 
phosphoric acid is then used on additional phosphate rock to 
convert the fluorapatite to monocalcium phosphate. 

In the other process the phosphoric acid is made, as men- 
tioned before, by converting phosphorus obtained from the 
electric furnace to POs, which is then combined with water. 
rhe Tennessee Valley Authority does it this way. This meth- 
od has the merit of permitting the use of lower grade rock, 





its possibilities being known. In 1889 a small furnace was 
operated in England and small single-phase furnaces were in- 
stalled to use the newly developed Niagara Falls power in 
1896. However, the development of the electric-furnace proc- 
ess was to wait for some 30 years before arc furnaces were used 
extensively for the production of phosphorus and phosphoric 
acid. Some slight commercial activity employing the electric 
furnace was undertaken in 1920, but even as late as 1935, the 
economic aspects of this form of production had not been es- 
tablished to a point that made it attractive. Since 1935, 
however, some further investigating work has been done—in 
part by TVA—and within the last 10 or 15 years the electric 
furnace has established itself in phosphorus production. 

rhe electric furnace can produce phosphorus of high (food- 
grade) purity from low-grade siliceous phosphate rock. This 
has been an important cause of the recent rapid development 
of the electric-furnace method. 


The Electric-Furnace Process 


Ihe electric furnace used for phosphorus production is 
not as spectacular in its operation as is the well-known steel- 
melting or metal-nelting furnace. This is primarily because 
the phosphorus furnace must be sealed against air, hence 
prohibiting any demonstration of smoke and colored flames 

In construction also the phosphorus and ferrous-metal 
furnaces differ. The phosphorus-producing furnace is built 
up of a steel shell with a lining that is normally made of large 
carbon blocks joined by a rammed carbon paste. Above the 
hearth proper, the lining is most often of a refractory brick. 
The furnace, being enclosed, has stuffing-box seals where 
the carbon or graphite electrodes enter through the roof. 
The modern phosphorus furnace is three phase. The three 
electrodes usually are located in a straight line along the 
length of the oval-shaped furnace, although furnaces devel- 
oped by TVA and used by at least one independent company 
have triangular-spaced electrodes. These movable electrodes, 
under conditions of normal operation, are buried in intimate 
contact with the charge, hence placing the furnace in a sub- 
merged-arc and resistance category. 

The charge or burden—a mixture of phosphate rock, coke, 
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thereby greatly extending our reserves of fertilizer rock. The 
TVA entered the phosphate field by virtue of being assigned 
the responsibility by Congress in 1933 of operating the Muscle 
Shoals hydroelectric plants for fertilizer production. The 
nitrogen-fixation plants had been built during World War I 
but had remained essentially idle. The TVA has done a great 
deal of research on the manufacture and use of phosphate 
fertilizer. It has been responsible for improvements in phos- 
phorus furnaces and currently is experimenting with a rotat- 
ing furnace that offers promise of reducing the power con- 
sumption fora given output of elemental phosphorus and the 
smelting of phosphate fines. 

One of the ‘impurities’ in the phosphate rock used for 
fertilizer manufacture has recently taken on special signifi- 
cance. Uranium! It may have considerable future bearing on 
the industry. The Atomic Energy Commission is, naturally, 
interested in the uranium that can be extracted as a by 


BROWNING 


and a siliceous flux—is fed into the furnace continuously 
through hoppers and chutes, located near the furnace elec- 
trodes. A take-off duct is provided in the roof through which 
the carbon monoxide and phosphorus vapor produced by 
the fusion process are extracted from the interior of the 
furnace. Tap holes are located near the bottom of the furnace 
from which are withdrawn the slag products of the reaction, 
mostly calcium silicate and ferro-phosphorus. 

Two means of collecting the desired phosphorus products 
are practiced. One is to obtain the elemental phosphorus as 
the final furnace product by first passing the gases and vapors 
through electrostatic dust precipitators, and then condens- 
ing the phosphorus vapor to liquid and storing it under water. 
This method has the merit #f providing elemental phos- 
phorus in the most concentrated form obtainable. As such it 
can be shipped with a minimum freight charge to the loca- 
tions where it is converted into phosphorus compounds. This 
method has the advantage of supplying a highly pure acid. 
Also the carbon monoxide is saved for use as fuel. 

The second method is to burn the furnace gaseous prod- 
ucts in an excess of air, thus making phosphorus 
pentoxide, which is combined with water to make 
phosphoric acid. xX, 

The slag, tapped at intervals from the furnace, 


This view of 
the roof of one 
elemental phos- 
phorus furnace 
shows the elec- 
trodes and the 
ducts through 
which the fur- 
nace is charged 
with ground 
phosphate rock, 
coke, and silica. 
(right) This is 
a 12 000-kva, 
water-cooled 
transformer 
serving a phos- 
phorus furnace. 
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product of phosphoric-acid manufacture. Phosphate rock in 
Florida and the Western states contains from two to four 
tenths of a pound of uranium per ton. About six million tons 
of the rock mined each year are a potentially useful source of 
this fissionable material, which has no agricultural value 
rhe first full-scale plant to extract uranium is now being 
built at Joliet, Illinois, in connection with the production of 
sodium phosphates by the wet process. To date, the wet 
process for producing phosphoric acid is regarded as the 
largest by-product uranium source, but the much larger ton 
nage of rock converted to normal superphosphate has prompt 
ed research in other directions. 

Phosphorus—the light bearer—was born of an alchemist 
effort. Its story is one of the most intriguing of all elements, 
the story of a material of absolute essentiality to man and one 
of fantastic versatility, a story unspoiled by any threat of 


early shortage. 


Corporation, East Pittsburgh, Pennsylvania 


is run off into pits in which the heavier ferro-phosphorus 
settles to the bottom and is withdrawn, leaving a slag con- 
taining a very high content of calcium silicate 

Energy requirements for the production of elemental phos- 
phorus, as far as energy input to the electric furnace is con- 
cerned, approximates 12000 kilowatthours per ton. The 
electrical load is characterized as steady, of high power factor, 
and of very high load factor. Current surges are slight and 
abrupt load changes are few by comparison with a steel- 
melting, direct-are furnace. 

Electrical Equipment 

lhe electrical equipment applied to elemental phosphorus 
furnaces does not differ too greatly in form from that used 
with steel- and metal-melting direct-arc furnaces. This in- 
cludes high-voltage switchgear, a furnace transformer or 
transformers depending on whether the supplying bank is 
made up of one three-phase transformer or three single-phase 
transformers, and electrode-positioning control equipment 
plus auxiliary motors and controls. 
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Fig. 1—Simplified circuit diagram for an elemental phosphorus 
furnace with electrodes controlled by a balanced-beam regulator. 


In a submerged-arc furnace the electrodes are surrounded 
by and in contact with the charge material. Hence operation 
is considerably steadier than in a direct-arc metal-melting 
furnace in which the arc plays from the end of the graphite 
electrode to the surface of the metal charge. There is no 
definite agreement as to the physical nature of the reaction 
within the charge material of a submerged-arc furnace. Some 
operators contend there is definitely an enclosed arc at the 
base of the electrode whereas others believe there is no 
definite single arc, but that the current path is made up of 
the particles of the charge with numerous small arcs between 
them. Tests made to determine this have thus far been in- 
conclusive. In any event, the submerged-arc furnace does not 
exhibit the violent characteristics common to the direct-arc 
furnace. When loading charge into the furnace and tapping 
slag from the bottom cause some shifting of the material sur- 
rounding the electrodes, a change in the power level results. 
It is then necessary to reposition the electrodes to keep cur- 
rent and power level at the desired values. Also, as electrodes 
erode, repositioning is necessary. 


Furnace Transformers 


Transformers for supplying power to elemental phosphorus 
furnaces range in ratings from about 3500 kva to approxi- 
mately 30 000 kva. At present, the general trend is toward 
the higher ratings. In some instances three single-phase 
transformers connected to form a three-phase bank are used. 
However, the reliability of three-phase furnace transformers 
is well established. The initial cost of a three-phase unit is 
much less than a bank of three. As a consequence the trend 
is definitely toward three-phase units. 

Voltages used in the production of elemental phosphorus 
have increased considerably. Until about five years ago volt- 
ages were in the neighborhood of 220 to 280 volts electrode- 
to-electrode. Voltages of modern installations are about 400. 
Transformers applied by Westinghouse are of the form-fit, 
shell-form construction. This construction lends itself well 
to transformers operating at high secondary currents, 1.e., 
40 000 to 50000 amperes. Shell-form construction offers 
means of most effectively handling the large stresses en- 
countered, and in conveying the heavy currents in parallel 
paths of equal impedance. The high-voltage coils are wound 
with one turn per layer of paper-insulated copper conductors. 
This offers the minimum voltage stress between layers. Also, 
because the thickness of the coil is the width of one turn, each 
conductor is exposed to the cooling medium. The low-voltage 
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coils are formed of copper bars and the leads are completely 
interlaced in order to minimize reactance. 

The primary windings of the furnace transformer are pro- 
vided with taps for adjustment of the secondary voltage ap- 
plied to the furnace electrodes. However, once the furnace is 
operating at the required power input level, a change in elec- 
trode voltages is generally unnecessary because the furnace 
operates continuously. No-load tap changers, usually manu- 
ally operated, are provided as an integral part of the trans- 
former. Normally, the primary and the secondary windings 
are connected in delta. All leads of the secondary are brought 
out of the transformer so that the point of delta closure can 
be made as close to the electrodes as possible, and so that 
interlacing of the bus runs can be accomplished to reduce 
reactance to a minimum. 

Transformers are most frequently oil insulated and are 
either water cooled or forced-oil cooled. When forced-oil cool- 
ing is utilized the oil-to-water heat exchangers are mounted 
on the side of the transformer tank. 

The normal accessories for a furnace transformer include 
built-in secondary current transformers for giving an indica- 
tion of the electrode current, a means for sealing the opening 
in the tank cover where the heavy busbars are brought 
through, oil-temperature indicators, oil-level indicator with 
alarm contacts, thermo-syphon oil conditioner, mechanical 
pressure-relief device, water-flow indicator, and a dehydrating 
breather to prevent moisture-laden air from entering the 
transformer during temperature cycles. 


Switchgear Equipment 


Generally, switchgear used on the high-voltage side of a 
phosphorus-furnace transformer does not differ much, if at 
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all, from the switchgear used in power generation and dis- 
tribution systems. Because the operation of the furnace is 
continuous and relatively steady, breaker operations are less 
frequent than occur with steel-melting furnace installations 
where violent arc-path changes during the meltdown period 
may Cause several operations of the breaker per hour at cur- 
rents several times normal rating. Also, in steel-melting fur- 
nace practice it is necessary to change taps on the transformer 
several times during the melt. Each tap change requires an 
operation of the circuit breaker. The circuit breaker in a 
phosphorus-furnace circuit needs to be operated but several 
times a day and these are mainly at normal or reduced loads 
to slip or lower the electrodes in their clamps as they erode. 
Since operation is usually continuous on one tap voltage, a 
breaker operation for changing the no-load tap-changer set- 
ting is not frequent. 

Because circuit-breaker duty is not too severe, both oil 
breakers and air-insulated breakers have been used. Depend- 
ing upon space available, the circuit-breaker equipment can 
be either of the indoor or outdoor type and, depending on 
type, can be either frame mounted or metal enclosed. 

The breaker closing and tripping circuits are interlocked 
with the transformer tap changer such that the breaker must 
be opened and remain open during tap changes. A reliable 
means for tripping and closing a breaker is essential. For this 
reason energy is taken from a battery for tripping purposes 
and from an a-c source through a rectifier for closing. Under- 
voltage tripping devices are used to trip the breaker and pre- 
vent its operation to the closed position should there be failure 


of the d-c control power or d-c power for the field of the motor 
driving the electrode winch. 


Electrode-Positioning Control Equipment 

Shifting of the charge within the furnace during the fusion 
process, electrode erosion, and the continuous tapping and 
charging methods used cause the effective resistance of the 
circuit for a given initial electrode position to vary. To main- 
tain power input constant, the electrodes must be auto- 
matically positioned vertically in the charge. To accomplish 
this, the electrodes are suspended in the charge through the 
roof of the furnace by winch mechanisms driven by d-c 
motors. The d-c power can be either constant or adjustable 
voltage, depending on the type of electrode-positioning 
regulating equipment. 

There are two main types of Westinghouse electrode-posi- 
tioning regulators used with elemental phosphorus furnaces. 
There are the balanced-beam regulator and the Rototrol ro- 
tating regulator. The balanced-beam furnace regulator, Fig. 
1, was introduced to the arc-furnace industry in 1920. Since 
then it has been utilized extensively on both direct-arc fur- 
naces and submerged-arc furnaces. This electrode-position 
regulator uses for its intelligence a signal derived from the 
current flowing in the electrode and a signal derived from the 
voltage appearing from electrode to ground or the shell of the 
furnace. When desirable to use current regulation only, a 
constant voltage can be used instead of the signal of electrode- 
to-shell voltage. The regulating element itself is composed of 
a beam pivoted at its center with its movement controlled by 


Rear view of a three-phase Rototrol furnace-regulator panel installed in the con- 
trol vault of an el horus furnace plant. The regulating motor-gen- 
erator sets are arranged vertically i in a three-high supporting framework in order 
te conserve floor space. For each motor-generator set, all regulator, amplifying 
generator, and motor conductors are brought to a common plug-type connector. 
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Front and rear views of a typical balanced-beam furnace regulator. 
> 


A front view of the three-phase Rototrol furnace-regulator panel. 
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and dashpot elements are employed to assure positive action. 
a a OT aes The balanced-beam regulator is simple in operation and 
cue Romntred Gail construction and is adequately accessible for maintenance 
ield Energizing Field purposes. Experience has proved it to be very satisfactory 
for controlling elemental phosphorus furnaces. 

All In contrast to the contactor or balanced beam, the Rototrol 
Lib regulator is a rotating device. The signals, instead of being 
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sent into solenoids that actuate the beam movement, are ap- 
plied to control fields of a high-response, direct-current ex- 
citer-regulator in such manner that the ampere-turns of the 
two control fields counteract each other when the desired 
balance condition prevails in the furnace. 

' —— As shown in Fig. 2, an indication of electrode current is 
v aiotos rectified and passed into one control field of the Rototrol reg- 

« H ee ulator. A rectified signal derived from the voltage between 
electrode and shell of the furnace is fed into the opposing con- 
trol field. A rheostat shunted across the electrode current 
signal circuit provides adjustment for different electrode cur- 
rents. When balance obtains, the ampere-turns of the current 
control field equal those of the voltage control field and the 
output of the Rototrol is zero. Should one or the other of the 
control fields become stronger due to the position of the 
electrode in the furnace not being correct, a definite flux is set 
up in the magnetic field circuit of the rotating regulator and 
its voltage output will be of some definite magnitude and 
polarity. The regulator output is fed into the field circuit of 
an amplifying generator whose output is in turn supplied to 
the armature circuit of the electrode-positioning winch driving 
motor. Thus, the voltage impressed across the winch motor 
causes the electrode to be moved either up or down as re- 
quired to restore the balanced condition of electrode current 
and electrode-to-shell voltage so the output returns to zero. 

As Fig. 2 shows, the Rototrol regulator has two other fields: 
a differential field and a self-energizing field. The differential 
tield feeds back a negative signal so as to stabilize the ampli- 
fying generator output. The self-energizing field is included 
in order to amplify the unbalance resulting from the interac- 
tion of the two control fields. 

The operator’s control panels for both the balanced beam 
type of regulator and the Rototrol regulator are quite similar. 
This form of equipment permits the operator to control the 
furnace remotely from the control room provided at the in- 
stallation and gives complete indication of 
operating conditions as well as the required 
control switches for altering the operation as 
the process may require. 
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2—The furnace of Fig. 1 controlled by a Rototrol regulator. 


solenoids on each side of center. One is a current solenoid into 
which the signal of electrode current is fed. The other 1s a 
voltage solenoid supplied with the signal of voltage. A shunt 
ing rheostat is connected in the circuit essentially across the 
current solenoid so that the electrode current required to ef 
fect a balance between the two solenoids can be adjusted 
Under balanced conditions, as selected by the furnace op- 
erator through adjustment of the current-adjusting rheostat, 
the pull of the current solenoid on the beam element and the 
pull of the voltage-coil solenoid on the beam element are 
equal and the regulating beam assumes a neutral position in 
which neither of its contacts is closed. 

lipping of the beam on a deviation from desired setting 
of current in the electrode closes contacts that cause the 
reversing contactor coils to be energized. Thereby, the winch 
driving motor armature is connected across the constant 
voltage d-c supply with polarity such that the electrode is 
moved in the right direction to reestablish the desired current 

The d-c source most commonly used is 230 volts, and the 
electrode motor fields are continuously energized while the 


furnace is working. The reversing contactors are specially 
built to function millions of times. They are spring mounted, 
thus climinating bearing maintenance problems. In the 
regulator element itself, the moving beam is spring mounted 





Mounted on the right-hand panel for the furnace operator’s use are 
the three rheostats for selecting and adjusting the current carried by 
each electrode. At the top of the board are three ammeters, each of 
which indicate the current in an electrode. Above the ammeters are 
three incandescent lamps, which give a visual indication of the elec- 
trode-to-shell voltage of the furnace. A voltmeter and a switch per- 
mitting the reading of phase-to-phase and phase-to-shell voltage are 
shown included on the panel, as well as a recording wattmeter. 
Beneath the current-adjusting rheostats, three control switches are 
provided, each of which controls the electrode-positioning regulator 
such that the switches can be used for r manually raising or lowering 
the electrodes or for placing the electrode under auto- 
matic control. Other control elements shown on the panel include 
the pushbuttons for controlling the three Rototrol regulator sets and 
the power supply m-g set, tap-changer positioning indicating lights 
for showing the tap on which the manually operated no-load tap 
changer of the furnace transformer is set, d-c back-of-board dis- 
connect-type knife switch for the d-c control circuits, and some regu- 
lator recalibrating relays. The panel to the left of the operator’s 
control panel is a special metering panel to give the operator a com- 
" plete picture of the electrical conditions throughout the supply cir- 
154 cuit and the furnace circuit. Included on this panel also are the over- 

current relays, which control the circuit-breaker tripping circuits. 
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In three decades of its history power-line carrier has 
undergone several fundamental redesigns. This newest 
one takes advantage of many recent electronic develop- 
ments, to provide a new standard of performance as to 
small size, flexibility, dependability—and especially 
important now—a positive parsimony of channel width. 
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P° ER-LINE carrier has become an indispensable tool for 
the everyday operation of electric-power systems. In fact, 
power systems have applied it so extensively and for so many 
different functions that, with the growing interconnection of 
systems, designs of power-line carrier apparatus that were 
fully satisfactory a dozen years ago are now inadequate. Al 
ready many power systems have run out of channels and 
others will do so soon. All this has led to the creation of a 
new type of power-line carrier apparatus (type FD) that is 
smaller, occupies less space, gives the utmost in reliability 
and—among other things—permits more channels to be 
packed into a given frequency spectrum. The newdesigns em- 
body many improvements in the electronic components and 
circuit design. The new equipments have been coordinated 
with standard relaying, telemetering, control, and communi- 
cation facilities to give best overall system performance. Im- 
proved transmitter stability, obtained by crystal control, and 
greater receiver selectivity permit more channels in a given 
frequency band. All assemblies are designed for direct opera- 
tion from station batteries for maximum dependability. New 
and improved circuits give greater ease of initial adjustment 
and operation. 


Channel Congestion 

As the lines of a power system grow, as more interconnec- 
tions are made, and as the use of power-line carrier expands, 
application problems arise. On most systems the first carrier 
set was put in at the frequency that had the lowest channel 
loss and minimum noise. The second set took the next best 
frequency. Sooner or later no good channels are left 

To alleviate carrier-channel congestion, various things can 
be done. The power system can be equipped with traps, by- 
passes, and other corrective devices to improve channel char 
acteristics. Eventually, however, with a given design of car- 
rier equipment, a saturation point is reached. The next move 
is a fundamental one—to design a carrier system that by bet- 
ter economy of bandwidth allows more channels to be ob- 
tained within the allowed frequency spectrum. This was one 
major objective of the new design of power-line carrier. By 
crystal control the transmitter is kept very close to its speci- 
tied frequency, so that less space need be allowed between ad- 
jacent channels to allow for transmitter drift. New circuits 
greatly reduce the spurious or harmonic outputs that might 
spoil other channel locations. Coupled with these transmitter 
improvements are greater receiver selectivity, sensitivity, and 
circuits that discriminate against noise. In these ways the 
effective number of channels is increased. 

More functions can be obtained by more effective utiliza- 
tion, by the user, of the available spectrum. For example, a 
bandwidth of approximately 1000 cycles is adequate for high- 
speed relaying. However, it has been common practice to 
use approximately 6000 cycles of bandwidth for carrier-re- 
laying channels in order to provide for an emergency com- 
munications circuit. This circuit, used only when the normal 
voice fails, provides a communication low in voice quality. 
This communications circuit is used only a small percentage 
of the time and is often paralleled by other communications 
carrier circuits. Hence many more 1000-cycle relay channels 
can be made available if all communications, regular and 
emergency, are handled on a separate circuit. In view of the 
high order of reliability provided by the modern communica- 
tions channel, the insurance provided by the emergency com- 
munications circuit is not justified in view of the channel 
shortage. This economy in frequency spectrum can be ob- 
tained with lower cost and simpler carrier equipment 
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Frequency-Shift Equipment 

Even closer spacing than that necessary for relaying can be 
obtained for other functions such as telemetering, supervisory 
control, and remote-trip applications by the use of newly de- 
veloped frequency-shift carrier equipments. These equip- 
ments have a bandwidth of approximately 120 cycles and also 
utilize crystal control of transmitter frequency and crystal 
filters in the receivers. Great freedom from false operation by 
noise is obtained by transmitting a guard or supervisory sig- 
nal that prevents false operation from noise during off pe- 
riods. When an operation is required, this guard frequency is 
changed (or shifted) to produce the desired effect. The free- 
dom from noise effects and the fact that the receiver rejects 
all but a very narrow band of frequencies allows this fre- 
quency-shift equipment to be used at frequencies, on a given 
power system, that have too much loss or too high noise for 
other types of channels. Quite often frequency-shift chan- 
nels can be sandwiched between existing circuits. 

The frequency-shift equipment, shown in Fig. 1, consists 
of separate transmitters and receivers, suitable for operation 
on either a-c or d-c power supplies. These are built in assem- 
blies for multiple functions as required for a particular instal- 
lation. Operation on any selected frequency from 40 to 200 
kiloc vcles 1s possible, simply by choosing the proper fre- 
quency-control crystal. The equipment is suitable for chan- 
nels having attenuation up to 90 decibels in the absence of 
noise. Line noise usually sets the practical limit at about 65 
his performance is considerably better than has 
been possible previously. 


decibels. 


In the frequency-shift equipment, as in other components, 
current regulators are included in heater circuits. Experience 
has proved that, for maximum life, tube-heater circuits 
should be maintained quite near the rated power. The wide 
swings in voltage that normally occur with station batteries, 
which may be as much as +25 percent, have greatly short- 
ened the life of tubes whose heaters are supplied directly from 
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, An a-c—d-c frequency-shift transmitter (top) and receiver 
, (bottom). A typical cabinet assembly of components is at left. 





the batteries. The use of current-regulator tubes in this 
equipment reduces heater current variation to less than +10 
percent for battery voltage variation from 99 to 148 volts. 
This improves tube life and reliability, and reduces servicing. 


Tone Equipment 

The new tone equipment, suitable for both carrier and 
microwave installations, has been designed to provide more 
channels, greater range of application, and to give better 
performance than previous equipments. The standard tone 
frequencies are listed in table I. The standard bandwidth 
units are suitable for telemetering, load control, supervisory 
control, and similar functions. The wide bandwidth units 
are, in addition, suitable for distance and phase-comparison 
relaying. The transmitters are provided with bandpass 
filters. Receiver-input filters have been improved for better 
adjacent-channel performance. 

The fact that several tone equipments can be applied to a 
single carrier or microwave channel multiplies the usefulness 
of the channel. In Westinghouse carrier and microwave 
equipment, provisions are made for simultaneous voice trans- 
mission and up to four tone circuits over one normal voice 
circuit without serious loss of voice quality. In addition to 
the eighteen voice-frequency tone circuits, many are avail- 
able above the voice-frequency band to permit direct applica- 
tion of these tones to microwave equipment for other services 
such as relaying, telemetering, and supervisory control with- 
out intervening multiplexing equipment. The tones are also 
suitable for use over telephone lines where multiple quantities 
are to be transmitted over a single telephone pair. 

Frequently in earlier carrier sets, a single vacuum tube 
has been called upon to perform many functions. While this 
reduces the number of tubes, performance is sacrificed. A 
typical example is the one-tube relay receiver in which the 
tube acts as amplifier, detector, and direct-current output 
tube. In many applications of this receiver, if the tube per- 
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The type FD power-line carrier equipments are much smaller. These show the front (at top) and 
rear (at bottom) views of the FD tone receiver (left) compared to the previous equipments (right). 


formance declined appreciably, the overall system perform- 
ance was seriously affected. The criterion in the development 
of FD equipment was maximum circuit performance instead 
of minimum tubes. 


Relaying 

Protective relaying is the major application of power-line 
carrier at present. Hence the relay circuits deserve particular 
attention. The number of long transmission lines with rela- 
tively high attenuation and appreciable phase shift at power 
frequencies has been on the increase. The new relaying sets 
are able to function over channels having up to 40 decibels of 
attenuation and with appreciable phase shift. This higher 
channel rating decreases the likelihood that sleet formation on 
transmission lines, which increases attenuation, will take out 
relaying protection. 

In many existing carrier-relaying installations, the emer- 
gency communications feature is used so infrequently that it 
is difficult to justify the extra width of frequency spectrum it 
requires. Where the emergency communications is not needed 
or that service needed is provided by other circuits, lower 
cost standard Fp relaying assemblies without communica- 
tions can be used. Because the bandwidth necessary for the 
strictly relaying function is narrow, these assemblies can be 
spaced much closer in frequency than the previous equip- 
ments. Where voice communication is required, it is prefer- 
able to provide good quality rather than the inferior quality 
that results when communication is achieved as an adjunct to 
relaying. This is particularly desirable where both voice and 
tones for telemetering or supervisory control are transmitted 
simultaneously over the channel. Completely separate re- 
ceivers are supplied for voice communications and relaying so 
that neither service is compromised. 

The new relaying assemblies, with or without communica- 
tions, are used as standard for both distance and phase-com- 
parison relaying. As with the previous power-line carrier 
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equipment (type Jy) these standard assemblies are suitable 
for use with telemetering, supervisory control, and other tele- 
graphic functions as well as relaying. The transmitters are 
crystal controlled for maximum frequency stability and the 
assemblies are suitable, with minor adjustment, for operation 
at any frequency from 40 to 200 kilocycles. The standard as- 
semblies operate directly from 129-volt station batteries, but 
can easily be converted to 258-volt batteries by adding a 
separate resistor assembly. This resistor is in a separate 
housing that can be mounted elsewhere or directly on top 
of the cabinet. Use of these separately mounted resistors 
eliminates heating difficulties that might require the addi- 
tion of blowers to the cabinet if resistors were mounted inside. 

The phase-comparison relaying assemblies contain an im- 
proved control unit, designed for operation with Westing- 
house HKB relays. A means is included for compensating the 
phase shift introduced by the carrier equipment and, in many 
applications, for the phase shift introduced by long trans- 
mission lines. This same control unit is equally suited for 
phase-comparison relaying over tones on carrier or microwave 


TABLE I—TYPE FD TONE EQUIPMENT—STANDARD FREQUENCIES 





Voice-Frequency Equipments High-Frequency f 
Standard Wide 


Bandwidth Bandwidth Channel 


Channel 


255 
425 
595 
765 

935 
1105 
1275 
1445 
1615 
1785 
1955 
2125 


2295 
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channels. Both distance and phase-comparison relaying as- 
semblies have a newly developed circuit for detecting sleet. It 
measures, directly in decibels, the increase in attenuation 
originating from sleet or other causes over a carrier circuit. 





Communications Equipment 


Analysis of many carrier installations shows that where a-c 
operated communications assemblies are used, an emergency 





power supply operating from a station battery is usually pro- 
vided to insure continuity of service during a-c outage. This 
indicates that communications carrier circuits, like relay and 
control carrier circuits, need the dependability offered by 
operation from a station battery. It is, therefore, believed that 
the investment used for emergency power supplies should be 
applied to increase battery and charger capacity and that all 
carrier sets should be operated directly from batteries for 
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maximum dependability. The new communications assem- 
blies are intended for direct operation from 129-volt station 
batteries without intervening vibrator power supplies or 
rotating machines. Operation at 258 volts, as with relay as- 
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a 
: wa semblies, is possible by adding the external resistor unit. 
* Where a particular set of conditions makes it desirable to 
operate an assembly from alternating current, rectifiers are 
installed in the carrier cabinet. All equipments operate nor- 
mally under the wide variations in battery voltage encount- 
ered in power stations. Filters have been included, where re- 
quired, to minimize the effect of battery charger noise and 
other disturbances common to station batteries. 
; [he new communications sets provide for manual simplex 
; push-to-talk), automatic simplex (voice-operated switching), 
: and full duplex (simultaneous two-way communication) 
operation. Either code bell or dial calling is possible. The 
An operator is using a voice-operated switching is performed by the electronic 
$ test telephone on an ransfer unit, which has many improvements over the unit 
automatic simplex employed with the preceding equipment. A new hybrid cir- 
communications as- 


cae LesisiieD to cuit, by which the four wires of the carrier receiver and trans- 


a 90-inch cabinet mitter terminate in a single pair of wires, has been developed. 
This new unit permits wider variations in connected tele- 
phone line characteristics (for good system performance). 
All communications units make use of crystal control of 
both transmitter and receiver frequencies. Operation at any 
frequency between 40 and 200 kilocycles is possible. Fre- 
quency modulation is used and the fixed tuned-input filters for 
the receivers are designed to have maximum phase linearity 
for lowest distortion. These input filters attenuate undesired 
signals eight kilocycles away from their center frequency by 
at least 90 decibels to give best adjacent-channel performance 
consistent with low-distortion transmission of a frequency- 
modulated signal. In addition, the receiver in these communi- 
cations assemblies includes a low-pass filter in the output cir- 
cuit that further minimizes distortion and interference. 
Smaller components, result of the rapid advances in elec- 
tronic development in the last few years, are used. This permits 
much smaller units with greatly improved performance. All 
of the standard relaying and communications assemblies can 
be put in a single cabinet. Two distance-relaying sets can be 








A distance relay- 
ing set. On top 
the cabinet is the 
resistor unit to al- 
low operation from 
a 258-volt battery. 


put in a single 72-inch indoor or outdoor cabinet. Only dial 
selective communications assemblies require a 90-inch unit. 

lechniques for measurement of the characteristics of power 
lines at carrier frequencies are being improved. Instruments 
for measurement of attenuation and noise on power lines are 
now commercially available. Use of the new FD carrier appa- { 





ratus, applied with the aid of measured data instead of as- 





sumed values, will provide carrier systems that can be put 





into service quickly and at low installation cost. 
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I‘ 4 high-temperature element of a steam turbine, rerout- 
ing the partially expanded steam over the exterior surfaces 
of the inlet-steam parts effects a highly desirable cooling of 
some parts. The principal objective is to lessen the heating 


of certain areas that would otherwise result from exposure 
to the very hot inlet steam—a situation created by the use of 
higher steam temperatures. While this practice does not re- 
sult in any net economies, it does have the very desirable 
result of decreasing the amount of critical materials, and 
reduces wall thickness significantly. 

The scheme to use partially expanded steam to cool hotter 
parts is portrayed above. The arrows trace the flow of 
steam, which enters at 1100 degrees F, and the declining color 
density indicates the subsequent drops in temperature. In 
order to apply this principle of steam cooling, the first-stage 
blading—the governing stage—is reversed end to end from 
its usual arrangement. 

Steam flows from the separate steam chests at 1100 de- 
grees through the inlet sleeves to the nozzle chambers. 
Thereupon it expands through the nozzles and leaves the 
first-stage element approximately 100 degrees cooler, or at a 
temperature of about 1000 degrees F. This cooler steam re- 
verses and flows over the first-stage element and between the 
nozzle chambers to the inlet of the first blade group. Flow of 
steam over the hot parts minimizes radiant heat transferred 
to the adjacent members. 

Steam expands through the first blade group to the first 
extraction point. In doing so its temperature drops another 
200 degrees F, to approximately 800 degrees. If steam is 
extracted for a high-pressure heater, it flows from the inner 
casing through a slip joint to the outer casing. Part of the 
high-pressure packing leakage at impulse chamber tem- 


Taken from a text prepared by H. R. Reese, Assistant Manager; Thermodynamic 
Section, Land Turbine Engineering Department, Westinghouse Electric Corporation, 
South Philadelphia, Pa. 
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100° 


perature is returned through the leakoff piping to the first 
extraction zone and is then removed with the extracted steam. 
When steam is not extracted from this zone the packing 
steam is returned to the blade path. 

Steam expanding through the second group of blading is 
reduced in temperature another 100 degrees. The second 
group of blading is supported by the inner casing, which also 
supports the low-pressure balance-piston ring. With this ar- 
rangement, the high-temperature steam is confined entirely 
to the inner casing. 

Of particular interest in this design is the fact that rela- 
tively cool exhaust steam from the last row reverses and 
flows toward the inlet end between the inner and outer cas- 
ings, exhausting to the reheater through the exhaust opening 
in the base at the opposite end. The flow areas are large 
enough to keep steam velocities low and insure a low-pres- 
sure drop resulting from this reversed and longer steam path. 

This lower metal temperature permits a reduction in the 
casing wall thickness, casing bolt diameters, and consequently 
the use of less highly alloyed materials. The saving of high 
alloy material is of importance at present. 

Thinner and lighter casing walls make the turbine more 


‘suitable for changes in load and for starting and stopping 


operations. Thinner walls heat or cool more rapidly, thus 
following load changes in a more satisfactory manner. 

Double casings, each of lighter construction with smaller 
bolts, reduce the time for inspection and maintenance. 
Furthermore, in view of the better thermal and mechanical 
characteristics of the double-casing design, the time between 
inspection periods is lengthened. 

The method of cooling with steam is being used for a 1100- 
degree turbine that requires stainless steel (austenitic steel) 
for the parts in contact with steam at the initial temperature. 
This method can be equally applied with the same general 
design advantages for structures using ferritic material. 
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In the electronic world the vacuum tube gets the glory. 
But without its handmaiden, the transformer, the elec- 
tron tube would be useless. Improvements in core mate- 
rials for transformers and other iron-core components 
have kept pace with progress in the electronic field. 


jee DEMANDS of the Armed Forces during World War II 
and since, and especially during the present period of re- 
armament, have greatly accelerated the improvement of 
characteristics and reduction in size of small transformers 
and other iron-cored components. With the rapid advances 
in the science of electronic equipment, transformer develop- 


+} ] 


| 

ment had to keep pace This not only involved t e develop- 
ment of new magnetic materials but also new methods of 
utilization. During World War II there was a great accelera- 


tion of the development of high-frequency transformers anc 
1 


of thin gauge Hipersil cores 
The rapid advances in core material and the increasing 
specialization and strictness of core-material specifications 
have been based on grain-oriented silicon steel and wound 
Hipersil cores. The original development of Hipersil® was 
directed toward obtaining a core material with increased 
permeability and lower hysteresis loss in order to achieve a 
balanced, economical design of a power or distribution trans- 
former. The permeability was increased at operating induc 
tions by raising the “knee” of the saturation curve. This was 
achieved by the process of obtaining preferred orientation. 
A single crystal of silicon steel consists of a body-centered, 
cubic structure. Being a cube, there are three possible dire¢ 
tions of magnetization: (1) along the cube edge, (2) along 
the cube-face diagonal, and (3) along the cubic diagonal 
The easiest direction of magnetization is along the shortest 
path or edge of the « ube, and the aim in orienting the crystal 
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Here Hipersil steel is wound into transformer cores. For added mechanical strength, the steel 
is ribbed by passing it through a set of special rollers just before it reaches the mandrel. 
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structure is to obtain as many of the cube edges in one direc- 
tion as possible. Grain orientation is obtained by control of 
the rolling and heat-treating processes, and, very importantly, 
maintaining high purity of the silicon steel. The rolling process 
sets up certain strains in the crystal lattice. By controlling 
the rolling reductions, the strains are such that when re- 
crystallization on subsequent heat treatment occurs, most of 
the cube edges lie in the rolling direction. By this means, the 
“knee” of the saturation curve is raised considerably. Ori- 
ented steel has low loss and high permeability in the direction 
of rolling. It, therefore, requires fewer ampere turns to obtain 
a given flux density in the material. This has given the trans- 
former designer a wonderful tool with which to reduce cost, 
and size, or to obtain better performance. 

Designers of airborne electrical apparatus commonly em- 
ploy 400 cycles, instead of 60 cycles, to help with their ever- 
lasting problem of reducing weight. This demands a core 
material possessing high permeability and low loss at this 
frequency. This led to the development of methods of orient- 
ing the grain of strip thinner than the 29-gauge (14 mils) 
commonly used in power-frequency transformers. As the 
gauge of silicon steel is reduced, although the permeability 
decreases and the hysteresis loss increases, the eddy loss de- 
creases to a point more than enough to offset them. The first 
step in this direction was the creation of seven-mil-thick 
oriented Hipersil cores during the early years of War II. 
Continued work in this field brought a five-mil oriented steel, 
which, wken made into the Hipersil core, gave the best 
balance of magnetic performance with economy of design. 
The five-mil Hipersil core has been the standard for obtain- 
ing minimum size and weight in 400-cycle transformers 
since 1945 and is being used in most of the airborne com- 
ponents being built by the military today. The curves of 
Fig. 1 illustrate the improvement in weight and size charac- 
teristics that can be obtained by using the five-mil Hipersil 
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Here a rotary shear slits 12-inch steel into 
cores. Steel from 1 to 12 mils thick is slit 





Cores are annealed in an accurately controlled atmosphere to develop superior magnetic quali- 


ious widths for winding into different type 
ties. Here one furnace charge awaits annealing while another (right) is taken from the furnace. 


this shear, in widths from '% to 2 inches. 


yy, 
for Small Transformers 


tinghouse Electric Corporation, Sharon, Pennsylvania  snnnnnnnnnnsninmnm 


core in standard 400-cycle power components, as for aircraft. 

With the emphasis on miniaturization, a program was 
started three years ago to obtain a superior core material 
that would enable the transformer designer to make his com- 
ponents still smaller and lighter. The limitation with the 
standard oriented Hipersil cores in working them at high in- 
duction in small components has always been exciting cur- 
rent. If the transformer is worked at much above an operating 
induction of 15 kilogausses at 400 cycles, the exciting current 
becomes so large in comparison with load current that the 
regulation becomes so poor as to make the transformer no 
longer operable. Recognizing this, the U. S. Navy Bureau of 
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Core Loss and Exciting Volt-Amperes 


Aeronautics initiated a program of development for a superior 
magnetic material and core that would eliminate this exciting- 
current limitation. Out of this has come a new type of Hiper- 
sil material possessing a very high permeability at high oper- 
ating flux density. Cores made from this material have been 
developed through a cooperative research program with 
Armco Steel Corporation, Westinghouse, and the Navy Bu- 
reau of Aeronautics participating. 

The new material is four mils thick and has such a high 
degree of orientation that the minimum d-c permeability is 
1800 at a magnetizing force of 10 oersteds. Some samples 
have had a permeability as high as 1860. Theoretically the 


ix Density 
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Fig. 1—Magnetic qualities of 7- and 5-mil Hipersil cores compared with prewar material. Fig. 2—The characteristics of 4-mil cores. 
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Fig. 3—These two 400- 
cycle transformers are 
duplicates in perform- 
ance. The one on the left 
uses 4-mil Hipersil and 
is about 15 percent small- 
er and lighter than the 
one on the right with a 
core of 5-mil Hipersil. 


Fig.,4—A typical 
group of airborne, 
hermetically seal- 
ed electronic trans- 
formers using 5- 
and 4-mil Hipersil 
core material. 
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Fig. 5—A comparison of the effective per- 
meability of 2- and 1-mil Hipersil cores. 


Fig. 6—A typical pow- 
er pulse transformer 
with a magnetron well. 
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Fig. 7—A high-voltage 
pulse transformer. 
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best permeability of a pure single crystal under these condi- 
tions is 2015, but due to the slight impurities in the steel the 
best possible due to orientation is 1940. Core loss and ex- 
citing volt-ampere characteristics of four-mil Hipersil cores 
are given in Fig. 2, and show their advantages at flux densi- 
ties of over 17 000 gausses. The reduction of size and weight 
of 400-cycle transformers possible with the four-mil material 
is shown in Fig. 3, 

\s an example of what can be done with the new four-mil 
cores, during the past year a certain airborne electronic 
equipment was redesigned, using four-mil cores for trans- 
formers and other components. The resultant weight saving 
on the iron-cored components was 40 percent. This saving, of 
course, cannot be credited solely to the four-mil Hipersil 
core. Some is due to redesign and new performance specifica- 
tions made possible by the use of this new four-mil material. 
Phe four-mil cores will have a distinct place in the develop- 
ment of miniaturized, high-temperature-rise transformers for 
airborne equipment. Some of these are shown in Fig. 4. 

One of the most interesting and rapid developments of 
magnetic materials has been in that used for pulse trans- 
formers. These are used in radar equipment to transmit 
square voltage waves of short duration and high frequency. 
rhese last from a fraction of a microsecond up to several 
microseconds. The transformer must be capable of transmit- 
ting these steep-front waves with great fidelity. The core 
material in a pulse transformer is the key to its performance, 
and, in order that the transformer be made even reasonably 
small, the core material must have high permeability and 
low losses over a wide frequency range. In this type of trans- 
former, smallness of size is essential for high fidelity. 

For pulse transformers during War II, Hipersil cores were 
developed and orientation achieved in material as thin as two 
mils without seriously affecting hysteresis loss. It was de- 
cided quite early in the development that thinness of gauge, 
high d-c permeability, and low coercive force were the three 
criteria of performance for the material or core. With ad- 
vances in radar equipment, pulse lengths became shorter and 
shorter. This meant that, to achieve the ultimate in design 
performance in the pulse transformer, the material had to be 
thinner and still retain the high permeability characterized by 
oriented silicon steels. The purpose of the development that 
followed was to obtain good orientation in one-mil thick 
material. The one-mil steel is now being used regularly in 
some of the advanced radar and allied electronic equipments. 

rhe figure of merit for a transformer core material of this 


Fig. 8—Core 
construction 
showing use of 
grooved strip. 
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type is the effective permeability with high rates of change of 
flux with respect to time. The definite superiority of the one- 
mil core for the very short pulse lengths is shown in Fig. 5. 

As advances in the electronic art call for high-permeability 
cores for higher and higher frequencies, the material will have 
to be rolled thinner than one mil. Samples have already been 
prepared experimentally down to one-eighth-mil thick, al- 
though at these thicknesses there is a considerable sacrifice 
in coercive force and hysteresis loss. 

To utilize these extremely thin materials effectively in 
transformer cores, it is necessary to make a wound-type core 
The material is slit into a narrow ribbon, wound on a mandrel 
of required window dimensions, annealed as a unit, and then 
impregnated solidly with a plastic or resin compound to bind 
the laminations together. The wound core is then cut into 
two pieces to allow assembly with form-wound coils, and the 
core halves butted together with a low-reluctance joint. This 
is the most economical way to handle thin-gauge materials. 
Space facters, the ratios of the volume of core iron to the 
volume of core space, are high, being 90 percent for five-mil 
cores and as high as 89 percent for one-mil cores, which are 
much higher than an equivalent stacked core using the same 
gauge materials. Another advantage of the wound and cut 
type C core is that the finished core in the transformer is in 
exactly the form in which it was annealed. 

In 1951 another important development was made in the 
construction of wound, type C cores, especially in regard to 
the use of thin, magnetic materials. Small lengthwise grooves 
placed in the strip of material as it is wound into a core add 
a great deal of stiffness. The resulting core is more stable 
mechanically and better in performance. The added strength 
in the core legs due to grooving contributes greatly to the core 
performance in the transformer in that it is much more stable 
during temperature cycles. This improvement has resulted in 
much better factory performance for both core building and 
transformer building with these thin-gauge materials. 

The development in thin-gauge, oriented materials has not 
been entirely confined to silicon steels. Recently, much work 
has been done in the development of oriented nickel alloys, 
particularly for magnetic-amplifier application. The orienta- 
tion of these alloys differs from that of silicon steel in that a 
cube face is in the plane of the sheet, so that one cube edge is 
parallel to the direction of rolling and another normal to the 
direction of rolling. This results in a very square hysteresis 
loop as illustrated in Fig. 9. These square loops are desirable 
in magnetic-amplifier application. Depending on the power 


range, the design engineer applies either the oriented silicon 
or the oriented nickel alloy. 

Perhaps one of the most interesting developments of the 
past year has been the production of small, ultra-thin gauge 
cores for high-frequency magnetic amplifiers or “flip-flop” 
magnetic components in computer applications. This develop- 
ment has both military and commercial significance. Here is 
a case where the circuit development had reached a point 
where there was no available magnetic material thin enough 
to reverse its magnetization with the rapidity required 
Armco Research Laboratories in a short space of time suc- 
ceeded in rolling 3-percent silicon alloy, 50-percent nickel 
alloy, and 79-4 Permalloy down to thicknesses as thin as 
one-eighth mil. It is truly remarkable that even in these ultra- 
thin gauges the important magnetic properties of high per- 
meability and low coercive force are retained. 

Pilot-production cores, Fig. 10, of this ultra-thin material 
have been made by a technique using ceramic spools on which 
the slit material is wound. The magnetic material and spool 
are annealed as a unit at the required high temperature to 
obtain the desired magnetic quality. Only a few turns of steel 
are used on each spool, but it is important that these few 
turns be well insulated from each other, and techniques of 
using magnesia powder for this purpose have been developed. 
The windings are applied by a toroidal winding machine 

As electronic-circuit development proceeds, these ultra- 
thin magnetic cores present a wide variety of possibilities 
They have big advantage in magnetic amplifier and mag- 
netic flip-flop components; they are more rugged than vacuum 
tubes, require no replacement, and do not deteriorate in 
quality, thus insuring maintenance of accuracy. 

After World War II and before the present emergency, 
some steps were taken to introduce these new developments in 
standard apparatus for commercial purposes. Great improve- 
ments were made, notably toward greater economy. A 
typical example of the start of this type of development was 
the application of five-mil Hipersil cores in the deflection yoke 
of a commercial television receiver and the incorporation of 
standard Hipersil cores into the design of the power trans- 
former for the commercial television receiver. 
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Fig. 10—Cores of Hipersil steel one mil thick are being spot welded. 
‘ > 


Fig. 9—Square hysteresis loops for (left) 2-mil Hiper-- 
sil material and for 2-mil Orthonik nickel steed. 
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These curves trace high-speed turbine progress. They show reduction in steam exhausted to the condenser for each kwhr generated. 
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A 200-mw steam turbine, if based on the practice of 25 years ago, would exhaust 900 tons of steam per hour and 
would be as “big as a barn.” Instead, the steam to the condenser is but 400 tons, with no increase in leaving 
loss. This progress results from higher pressures and temperatures, multiple exhausts, and other improvements. 


~vnsenwnnwnenee J. R, CARLSON, Manager of Engineering, Steam Division, Westinghouse Electric Corporation, South Philadelphia, Pa. 


gp ‘eFFECT on turbines of using 
higher steam pressures and tem- 
peratures obtains well deserved atten- 
tion. The reduction in steam flow and 
in fuel consumption is usually analyzed 
carefully to make certain the saving 
justifies the expense of the stronger 
and more costly turbine parts. 

But other advantages accrue from 
the higher operating conditions. Most 
significant is a reduction in condenser 
flow that is greater than the reduction 
in throttle flow. This means more ef- 
ficient utilization of steam. It means 
smaller condensers. The reduction in 
condenser flow per kw output is im- 
portant, as the exhaust steam-flow 
area for a given set of operating con- 
ditions determines the economic rat- 
ing. If all turbines required the same 
exhaust flow per kw output, larger 
kw ratings could be built either by 
increasing the steam-flow exhaust area, 
or by reducing efficiency (increasing 
leaving loss), or both. 

Today’s 3600-rpm turbines are built 
with ratings 25 times larger than those 
built a quarter of a century ago. But 
the exhaust steam-flow annulus has 
not been increased by that amount. 
In single-flow elements, the exhaust 
annulus has been increased fourfold. 

The answer, of course, is the steady 
and consistent improvements in tur- 
bines and associated equipment coin- 
cident with the rise in steam pressure 
and temperature. Increased steam pres- 
sure and temperature make more Btu’s 
available for conversion to mechanical 
work and provide the greatest reduc- 
tion in throttle and condenser flow, 
but other factors help. The effect of 
turbine rating—turbines of larger kw 
output have better blade proportions 
and hence better efficiency—improves 
the efficiency as much as five percent 
and reduces throttle and exhaust flow. 

Higher steam pressures, bringing 
higher saturation temperatures in the 
boiler, have led to an increased use of 
feed-water heaters and more steam ex- 
tracted, and thus a marked reduction 
in exhaust flow. Early turbines rarely 
had first-stage pressures as high as 200 
psia, which limited the temperature 
of the feed water to the boiler to about 
350 degrees F. Today first-stage pres- 
sures may be as high as 1500 psia, 
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which means it is possible to heat the 
feed water to about 580 degrees F, if 
such were economical and practical. 
Turbines in the middle 20’s usually 
had only three stages of feed-water 
heating, requiring about 15 percent of 
the throttle flow. Today’s turbines may 
have eight feed-water heaters extract- 
ing as much as 33 percent of the throttle 
flow. Improved feed-water heaters, 
some of which incorporate desuperheat- 
ing sections or drain cooling sections, 
have made it possible to improve ther- 
mal efficiency by extracting more steam. 
The greater the percentage of extrac- 
tion, the higher the thermal efficiency. 
All of these factors have combined to 
reduce the exhaust flow per kw output. 
This has made possible the 200 000-kw 


single-shaft, 3600-rpm turbine now 


being designed, and the 250 000-kw 
units that are now planned. Although 
the gains obtained for each increment 
of increased steam pressure and tem- 
perature are getting smaller, the prog- 
ress will not cease. Steam pressure and 
temperature will rise to 3000 psig or 
higher with throttle temperatures of 
1150 to 1250 degrees F. These higher 
pressures will require as many as ten 
stages of feed-water heating. 

New and larger turbine exhaust-end 
blades now being projected for the fu- 
ture will reduce leaving losses or permit 
larger rating. This improvement, when 
used in conjunction with two stages 
of reheat, will reduce the exhaust steam 
flow to 334 or 314 pounds per kilowatt- 
hour. Reduced to a single statement, 
this means more efficient generation. 
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a contemplation of the career of 
R. Carlson, one is inevitably im 
d with certain statistics. Withou 
being a traveling salesman, he has, in 25 
ears of applying steam turbines, traveled 
bout 750 000 miles. In the last five vears 
lone he has covered 325 000 miles, 90 
percent of it by air—enough that the air 
lines have asked for the figures so that he 


can be awarded 


ri 
Ss 


) 


} 
n 


a certificate. This scurry 

gy about has taken him, in addition to 
Canada and Mexico, 
one. There are very few central power 
tations in the United States he has not 


ted, as well as most of the larger in 


into every state but 


dustrial steam power plants He has fig 
ured in the application planning of about 
10 million kw of steam turbines that have 
covered the range of sizes from 500 kw to 
200 000 kw. He has helped apply all sizes 
of turbines, for all sorts of work, and 
under all manner of circumstances. The 
oddest, he recalls, was the visit to the 
engineer of a paper mill at a deer lodge 
far from any town. There, under the gaze 
of mounted deer heads, with a roaring 
open fire, and his host in a state of in- 
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formal dress, Carlson completed the ne 





gotiation. The successful conclusion of 


the planning was celebrated by a fine din 
ner of —not venison—but pork chops 

Carlson! That suggests Swedish origin. 
His parents indeed did immigrate from 
Sweden, settling first briefly in Illinois 
before moving to south central Nebraska 
to become homesteaders when that area 
vas first opened for settlement 

While John was in high school he was 
nvited by an older brother to visit the 
state university at Lincoln. Touring the 
building 
by the mechanical-engineering labora 
tory. That settled the matter of what he 


, John was especially impressed 


was to be—a mechanical engineer 

rhis same visit was one of two pivotal 
points in Carlson’s career. The other 
came as the outcome of a mishap. One 
day in chemistry lab John was conducting 
an experiment. His mixture didn’t go ac 
cording to plan; instead it went all over 
the suit of an electrical-engineering stu 
dent across the desk. This mishap, curi 
ously, resulted in a lasting friendship. 
One day two years later, shortly before 





graduation, John’s friend came breath- 
lessly to his room and asked if John knew 
that the Westinghouse interviewer was on 
the campus and was about to leave. John 
didn't know, but he hurried down to the 
station and in the two or three minutes 
available was given a job-application 
form to send in if he wanted a position 
with Westinghouse. As is so often the 
case, a Career turned ona very small point. 

Carlson’s college training deviated in 
one respect from the usual. After graduat 
ing with a B.S. in M.E. in 1926, he elected 
to stay another year for additional work 
in what was called Commercial Engineer 
ing, which included courses in economics, 
law, and other branches of engineering, 
particularly electrical. ““One of the most 
valuable decisions I ever made,”’ Carlson 
says. This accounts in part for the Unusual 
breadth of interest and wide engineering 
skill that has made him so successful in 
his hundreds of engineering contacts. 

In the summer of 1927 Carlson exer 
cised his Westinghouse graduate-student 
training option and, after almost a year on 
“the course,” gravitated to steam-turbine 
engineering, beginning almost at once in 
the Application Section. Since 1947 he 
has been in charge of general activity in 
this field. Two months ago he was eleva- 
ted to Manager of Turbine Engineering. 

In contemplating Carlson’s long career 
in the application of turbines, two things 
stand out clearly. One is that whenever 
anything new and promising shows on 
the turbine horizon, Carlson is to be 
found in the middle of it, forcefully pro 
moting its use. He has been one of the 
most ardent and successful promoters of 
the 3600-rpm turbine. In fact his first 
application work was with a 5000-kw, 
double-extraction, high-speed turbine for 
a paper mill. In 1929 this was a large 
turbine. When superposed turbines had 
their inning in the 30’s, John aggressively 
urged their use. He was a strong advocate 
of standardized turbines and fondly re 
calls helping “‘sell” the first one—a 
30 000-kw machine in Texas on VJ Day. 
He, perhaps more than anyone else, is 
responsible for the trend to outdoor units. 
He has also had a hand in the new field of 
gas turbines. He has figured in the engi- 
neering planning of the first Westinghouse 
5000- and 15 000-kw gas turbines for cen- 
tral-station use, now under construction. 

The second feature is not so easy to set 
forth, but is nevertheless real and receives 
equally unanimous agreement wherever 
turbines are used. This is a most winning 
personality. John has a friendly, quietly 
persuasive nature mixed with sound engi- 
neering. As a result, his word on turbine 
matters is highly regarded everywhere. 

If a new idea has to do with turbines 
and if Carlson is for it, it has an excel- 
lent chance of acceptance. 
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R. E. Marsury and W. H. Curtino 
Capacitor Engineering 
Westinghouse Electric Corporation 
East Pittsburgh, Pennsylvania 


Utility engineers often wish they could 
design their systems from standard 
“building blocks,” with which, depend- 
ing upon the arrangement, they could 
satisfy many different needs. They 
would, in short, like to do what is now 
possible with high-voltage capacitors. A 
new stacking arrangement provides 
both standardization and versatility. 


| igestlgregeoe shunt-capacitor banks can 
now be made up from standardized, 
factory-assembled ‘‘stacking units,” even 
for 110 kv or higher. Two important factors 
causing the recent widespread use of capaci- 
tors are the more general recognition of the 
economic advantages of meeting kilovar re- 
quirements with capacitors, and the ad- 
vances in the design of both the capacitors 
and the assemblies of capacitor units into 
convenient mountings. 

The availability of 25-kvar units, with 
their lower cost, and smaller volume and 
weight per kvar, was followed by the fac- 
tory-assembled Autotrol banks for pole 
crossarm mounting (see Fig. 1), which 
greatly reduced installation expense and 
made for convenient installation of capaci- 
tor banks on distribution circuits at voltages 
up to 13.8 kv. 

This “‘packaged-type design” with its 
ease of application and installation has now 
been extended to cover the high-voltage 


A 225-kvar Autotrol unit (Fig. 1 top) for use 
on 4-kv distribution circuits; a 10 000-kvar, 3- 
phase, 24-kv installation (Fig. 2 center) with 
four open-type 2500-kvar banks in grounded 
steel structures; a 9900-kvar, 3-phase, 45.7-kv 
bank (Fig. 3) of the open steel-structure type. 
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class of capacitor installations. Prior to 1943, capacitors were 
rarely connected to circuits higher in voltage than 13.8 kv. 
Since then it has become common practice to assemble the 
outdoor-type capacitor units in rows, supported on insula- 
tors, with phases consisting of series-parallel groups. Typical 
installations of this type are shown in Figs. 2 and 3. These 
open-type banks have been quite satisfactory in service; 
however, the cost of installation has been high, due to the 
fact that steel structures of this kind must be shipped knocked 
One 600-kvar, down, which requires assembly in the field. In addition, since 
one-phase,7960-V.| requirements vary considerably, each in- 
stacking unit, stallation must be specially designed and 
built, with little chance for tooling. 


a Fig. 4 Packaged Capacitor Units for 


Phase A 
= Photograph above is a model of an High-Voltage Use 
easly cinching unk. Below are The newly developed high-voltage ca- 
several of the various combina- . . 
Stone fe ‘whisk Unies Gitte as Se pacitor bank can be made up in a large 
used. Photo shows a 24-capacitor variety of voltage and kilovar ratings, 
unit; standard units are also built from the required number of factory- 
with fewer capacitors, thus lend- assembled stacking units. A_ typical 
in cence remap he “stacking unit” of 600 kvar, consisting 
& at bottom, units are connected zig- of twenty-four 25-kvar zinc-sprayed ca- 
GS * Se zag to place eight stacking units pacitor units and fuses, assembled in a 
on 7c lec mag in series from phase to neutral. galvanized structural steel frame, is 
Insulators Required shown in Fig. 4(a). The corner posts of 
this assembly are provided with a bolt 
flange at the top and bottom, to permit 
stacking as many as four units, with or without spacing in- 
Phase B Phase C sulators as required. Eight standardized stacking units, with 
eee a capacity range from 10 to 24 units in steps of 2 units, pro- 
vide for a wide range of capacitor-bank designs. 
Since the extreme dimensions of the largest stacking unit 
are 42 by 40 by 104 inches and the weight less than 2500 
pounds, it can be readily handled in the field. When lifting it 
into position, two rope slings can be easily placed around the 
unit at a location provided for this purpose. Units are jig as- 
sembled to assure proper alignment of mounting holes and are 
structurally suitable for mounting up to four high above their 
No Spacing base insulator columns. They can be assembled with spacing 
— insulators between stacking units or they can be mounted 
directly together without spacing insulators, depending upon 
Unshaded units only —5400 kvar at 25 kv, 3-phase voltage requirements (see Fig. 4). . . 
at cates ot Menten eh heen ak 39 be, Seghece When each phase leg of a capacitor bank is made up of 
three 24-unit assemblies in series, as shown in Fig. 4(c), the 
an woe total 3-phase bank rating is 5400 kvar, and if 4800-volt 
capacitor units are used the bank can be connected to a 3- 
phase, 25-kv circuit. 

Where a large number of groups is to be connected in 
series, two or more stacks can be used for each phase, and the 
connections made in zigzag fashion so as to connect all the 
stacking units in series, as shown in Fig. 4(d). This avoids 
going higher than four tiers in a single stack, and also permits 
treating one stacking unit as a single capacitor. This is con- 
venient in that the actual capacitance can be stamped on the 
nameplate. The actual capacitance of a group is used in cal- 
culations associated with unbalance relay protection. It is 
possible, however, to arrange the stacking units so that each 
row can be treated as a capacitor group. This connection is 
used on banks where the total kilovars per phase is small. 
An assembly suitable for 110-kv service is shown in Fig. 4(d); 
this has a 3-phase rating of 14 400 kvar when 24-unit stacks 
and 25-kvar units are used. 

In a single three-tier assembly, it is also possible to use 
each tier as one phase, making possible relatively small 3- 


Unshaded units only —1800 kvar at 13.8 kv, 3-phase 
All units as shown —3600 kvar at 13.8 kv, 3-phase 


Phase A 


All units as shown — 14 400 kvar at 110 kv, 3-phase 
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phase assemblies for 13 800 volts and below. Such an arrange- 
ment is shown in Fig. 4(b). 

The single limitation in the assembly of high-voltage ca- 
pacitor banks from series-parallel groups of capacitor units 
is that certain specific requirements must be satisfied as 
follows: 

(1) The number of capacitor units in parallel in any one 
group should be large enough to provide adequate fuse cur- 
rent to insure positive blowing of the individual unit fuse 
and thus disconnect a faulty capacitor.* 

(2) The number of capacitor units in a single group should 
be sufficiently large to insure that the change in voltage due 
to the operation of at least one fuse will not bring the voltage 
on the remaining units in the group above 110 percent, 
which is the maximum continuous voltage rating of standard 
capacitors.* The actual working voltage of the group should 
be equal or below the capacitor-unit rated voltage, in order 
to take full advantage of this 10-percent overvoltage range. 

To meet these requirements, high-voltage capacitor units 
are often more desirable than low-voltage units. For example, 
if 2400-volt units are used in a bank intended for 25-kv serv- 
ice, it will be necessary to use six groups of units in series, 
line to neutral. When six groups are operated in series, there 
should be at least ten units in each group, when the neutral 
is ungrounded.* This means that the minimum number of 
units in each phase leg should be 60. With 25-kvar units, this 
gives a minimum bank rating of 4500 kvar for a 25-kv line. 

If this bank were comprised of 7200-volt units, only two 
groups would be needed in each phase leg for a 25-kv line. 
When only two series groups are used the number per group 
can be as low as eight if the neutral is ungrounded. This 
means that the minimum number of units in each phase leg 
is 16, and the smallest 3-phase bank rating on 25 kv, using 
7200-volt units, is 1200 kvar. If, therefore, the total kilovars 
of the bank desired for a 25-kv line is less than 4500 kvar, 
it will be desirable to use stacking units such as in Fig. 4, 


TABLE I—THREE-PHASE UNGROUNDED WYE BANKS OF CAPACITORS 


Advantages of Stacking Units 

The assembly of high-voltage banks from packaged stack- 
ing units, as shown in Fig. 4, has many advantages. The 
complete installation consists of a given number of stacking 
units, plus the necessary base insulators to match the system 
voltage rating, spacing insulators when required, and con- 
nection material for making connections between stacking 
units. The base insulators can be mounted on concrete pillars 
or a structural-steel base supported on concrete footings. 
This simplifies ordering, reduces erection costs, and provides 
easy means of changing the rating of the bank at a later 
date, or in moving it to a new location. 

The stacking units provide flexibility of arrangement, per- 
mitting different assembly positions of the stacks to best 
suit the dimensions of the plot available for the installation. 
Each phase leg can often be conveniently made of two stacks 
to provide two ungrounded neutrals. A current transformer 
with insulation to match the system voltage rating can be 
connected between the two neutrals to energize relays for 
detecting capacitance unbalance. This is usually the most 
economical practical system and, therefore, the one, most 
often used for detecting unbalance. 

The stacking units have individual outdoor fuseholders 
mounted on the horizontal bus above the capacitor units. A 
leaf spring serves to connect the end of each fuse refill with 
its capacitor unit. One end of this spring is attached solidly 
to the capacitor, such that the spring extends horizontally. 
Then the outer end of the spring is bent up and connected to 
the end of the fuse refill, thus putting tension on the spring. 


Fig. 5—An early model of the new stacking units. This photo- 
graph shows three 24-unit, 600-kvar, 7200-volt stacking units 
forming one phase leg of a 5400-kvar, 3-phase, 37.5-kv bank. 
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containing units rated higher than 2400 volts. 

The higher the line voltage, the more necessary it becomes 
to use higher voltage capacitor units. These relations are 
shown in table I. The minimum kilovar values assume that 
the normal working voltage corresponds to the capacitor-unit 
voltage rating. Where the working voltage is above the unit 
rated voltage, as for example 105 percent, the minimum num- 
ber of units in the groups must be greater, otherwise the 
operation of a single fuse will result in voltages in excess of 
110 percent on the remaining units in the group. 


*See AIEE Report on “Operation and Maintenance of Shunt Capacitors,” Item IX, 
Technical Paper 49-252 
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Fig. 6 —Above and 
at right is one of 
the several sizes of 
stacking units. 
This consists of 
eighteen 25-kvar 
capacitors, giving 
a total unit capa- 
city of 450 kilovars. 


If the fuse element blows, this spring then ejects the refill, 
ind returns to a horizontal position. An air gap is thus ir 
serted in the circuit and no voltage is left across the fuse 
holder. The horizontal position of the spring after ejection 
aiso serves as a visual indication of fuse operation 
Expulsion-type fuses have been common on 
capacitor units when the banks consisted of two or more 
groups of units in series, or when the neutral of the bank was 
tloating free. With these arrangements a phase-to-phase fault 
is less likely, and therefore, use of this fuse involves only a 
yht risk. It should be noted, however, th: In the earher 
) 


structural-type assemblies, such as illustrated in Fi ind 


3, the ground structure is carried to a po relative] se to 
each unit in the bank; consequently, the possibility still exists 
of high tault currents if foreign objects, such as snakes, bridge 


insulators and thus initiate arcs between capacitor-unit 


cases and the grounded structural-steel supporting members 


170 


This risk, however, is minimized 
in the new stack type of installa- 
tion because the total phase-to- 
neutral voltage is divided between 
several insulators. A snake or other 
object could produce only a partial 
phase fault, and currents through 
the foreign object would thus be 
limited. The expulsion-type fuse 
with its limited interrupting ca- 
pacity is, therefore, entirely ade- 
quate for this application. 

rhe danger of operating the ca- 
pacitor units above their rated 
voltage is eliminated easily by ar- 








ranging the stacks to provide two 
separate capacitor neutrals, so as 
to provide relay means sensitive to 
unbalance, and thus trip the 
breaker or sound an alarm. 

If the bank contains only one 
group per phase, as in Fig. 4(a), 
and these are delta connected, or 
wye grounded neutral, it is desir- 
able to use a fuse capable of inter- 
rupting or limiting the fault cur- 
rent magnitude and duration. 
Banks such as Fig. 4(b) can be 
made with outdoor current-limit- 
ing fuses when necessary for these 
applications. 

With these new developments in 
capacitor designs it is now just as 
convenient to install shunt capaci- 
tors on high-voltage circuits as on 
any other circuit. This should make 
it possible to locate the capacitors 
on the system where they will best 
serve the purpose for which they 
are being installed. Also, if the in- 
stallation is in a location where an 
open-type design is acceptable from 
a safety standpoint this ‘‘stack 
type” construction is quite suit- 
able for the lower voltage range 
from 460 volts to 13.8 kv, as an 
alternate to the more costly metal- 
enclosed capacitor equipment. 

Che overall space requirements in the case of the higher 
voltage banks are considerably less than the earlier struc- 


tural-type designs such as shown in Figs. 2 and 3. 

Outdoor stacking units are the most recent addition to 
the list of new developments that are making power capaci- 
tors more convenient and economical to use on circuits up to 


115 kv or higher. 


vo years ago a newcomer, loaded with promise, made its debut 
Thermalastic insulation. This new insuletion, first applied 
!y to large, high-voltage turbine generators with half-coil con- 
ruction, can now be used on waterwheel generators, synchronous 
mdensers, and frequency changers. A new winding lechnique 
now permits its use on multi-turn full coils. Units of 30000 
koa and larger, employing ten or more poles can now be buill. 
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Floating a lump of metal in space sounds like part of a magician’s act. 
Actually it is instead part of a new method of melting and refining in the 
continuing research for purer metals. Suspension of the metal in a strong elec- 
tromagnetic field avoids the contamination incident to heating in a container. 


- THE never-ending research on metals, the drive is for 
greater purity. High-temperature metals, for example, can 
be refined by melting, thereby boiling off the impurities 
that volatilize at lower temperatures. But this refining effect 
may be partially offset by absorption, at these high tempera- 
tures, of material from the walls of the crucible. The more 
reactive high-melting-point metals, such as titanium, zir- 
conium, vanadium, tantalum, molybdenum, and others of 
similar chemical and physical characteristics, absorb some of 
the material of the crucible, or other reactions occur that ad- 
versely affect the quality of the melt. For example, titanium 
melted in a graphite crucible may contain several tenths of 
a percent of carbon. When zirconium is melted in contact 
with beryllium oxide, it becomes embrittled because of ab- 
sorption of oxygen from the refractory. If the crucible is suf- 
ficiently cooled in an effort to reduce contamination of the 
melt, then other unsatisfactory results are obtained. An ingot 
of molybdenum melted in a crucible of water-cooled copper, 
as in arc melting, has an irregular surface and may have voids. 

Clearly a way around this difficulty would be to conduct 
the refining operation without the metal in contact with any- 
thing but an inert or reducing gas or vacuum. This technique, 
called levitation or float melting, is currently being investi- 
gated in both the Westinghouse Lamp Division and the Cen- 
tral Research Laboratories at East Pittsburgh. Suspension is 
accomplished by supporting the metal with a strong, sym- 
metrical, but non-uniform, electro-magnetic field produced 
by a high-frequency circuit. Heat is developed within the 
specimen by induction. 

The field must be such that the electromagnetic forces act 


This discussion is a condensation of papers by D. M. Wroughton and E. C. Okress of 

the Westinghouse Lamp Research Laboratory and P. H. Brace, G. Comenetz, and J.C. R 
Kelly of the Westinghouse Central Research Laboratories, printed inthe May, 1952 issues 
{ Journal of Applied Physics and Journal of Electrochemical Society 
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to confine the specimen. They must not only hold the metal 
against the force of gravity but also resist any tendency for 
it to drift horizontally out of the field. The required forces 
result from the interaction of the field of the alternating cur 
rent in the primary circuit and the induced alternating cur 
rents in the specimen. 

Several coil systems are possible. One is a pair of coaxial 
coils as shown in Fig. 1. These parallel coils are connected in 
series and across a common capacitor so as to constitute a 
parallel load tuned to a high-frequency alternator. The alter- 
nating currents in the generally unequal coils are oppo 
sitely directed at all times. The currents in these fixed coils 
induce eddy currents in the suspended metal. 

Various degrees of heating of the floated specimen occur, 
depending on the power available, coupling between the 
primary circuit and specimen, frequency of the primary field, 
eddy current and hysteresis losses, and heat losses. While the 
specimen is floated in the molten state, a vigorous agitation 
occurs, caused by the circulating currents and thermal gradi 
ents. The specimen sometimes tends to rotate in the field, but 
this can be stopped by introducing some asymmetry. 

In experiments to date a number of metals, e.g., aluminum, 
tin, silver, titanium, molybdenum, brass, and aluminum 
bronze have been successfully levitated in the solid state 
either in air or in vacuo. In some cases the mass was as great 
as 550 grams (19 ounces). Aluminum, tin, and brass have been 
maintained in levitation in air while molten, in masses of 
some tens of grams. The only metal that has been maintained 
in levitation in vacuo while molten, however, is aluminum 
Of this, some 75 grams have recently been kept floating for a 
number of minutes in a vacuum of about 10° mm of mercury 
On one occasion, a lump of titanium was almost completely 
melted while floating in vacuo. 

As a specimen melts it assumes the shape of a top. In the 


Fig. 1 (left) —Basic circuit for high-frequency melting of metals floated in space. At right 
a round lump of metal is being floated between the coils and is beginning to heat. 
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initial experiments the molten metal tended to drain out of 
the interaction space the volume enclosed by the coaxial 
coils). This tendency was diminished or overcome by modifi 
cation of the coil shapes. As a result, it has become possible 
gradually to drain levitated molten metal, or to drop a whole 
melt out of the field, merely by adjusting the current. It may 
even prove possible to resolidify levitated molten metal and 
drop it as a solid 

Phe floating of molten metal depends principally upon the 
electromagnetic forces, but it also depends to some extent on 
surface tension, and on the presence of an oxide film when 
such a film forms. The latter two effects may be instru- 


mental in preventing pour through the bottom point of the 
top-shaped liquid mass. It is perhaps significant of the im- 
portance of the oxide film that no success has attended efforts 


to float molten silver, a metal upon which no such film forms, 
even in air. To this can be added that, in the experiment 
mentioned above in which aluminum was floated in vacuo, it 
was evident that the liquid surface was not wholly free of 
oxide despite the vacuum. 

Although for convenience most of the experiments in this 
investigation involved small masses, and circulating currents 
of less than about 1200 amperes (at 10 000 cycles per second), 
these magnitudes do not necessarily represent limiting or op- 
timum values. Possibly the same masses could be supported 
with smaller currents by other, more efficient coil systems. 
Arbitrarily large masses can be supported by sufficiently large 
currents, in the solid state at least; what size limitation there 
may be for the liquid state is not known 

For one current, coil system, and specimen size, lifting 
force varies sigmoidally (i.e.,S fashion) with the ratio of square 
root of frequency to square root of specimen resistivity. That 
is, as this ratio increases from zero, the force increases from 
zero at first slowly, then more rapidly, then slowly again 
toward a limiting value. In particular, increase of frequency 
at first improves levitation, but further increase brings dimin- 
ishing returns. Increase of frequency also means more rapid 
heating. If it is desired to increase the ratio of levitation to 
heating, then frequency must be diminished and not increased. 
The relation here is reverse sigmoidal: with increasing fre- 
quency, the lift-to-heating ratio decreases from a certain 
initial value at first slowly, then more rapidly, then again 


slowly toward zero as a limit 


Fig. 3—The 
metal, now liq- 
uid, takes the 
shape of a top. 


+> 


Fig. 4—To demonstrate the stability of the 
suspension, the lump of metal is pushed 
away from the center line of the coils. When 
the glass rod was removed, the specimen re- 
turned tothe central position. The same held 
true when the specimen was moved up or down 
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In another approach to the problem of float melting, a 
pair of parallel conductors was employed instead of coils. 
The conductors were six-inch lengths of copper tubing three- 
eighths inch in outside diameter with a one-inch space be- 
tween. Co-directional currents in the conductors reached 
about 2000 amperes. Bars of aluminum, zirconium, and copper 
about one-half inch in diameter and four inches long were 
readily floated, in the solid state, between the conductors. In 
hydrogen atmosphere (to eliminate oxide coating) a copper 
bar was levitated partially molten. However, support of com- 
pletely molten metal was not achieved by this arrangement. 


Evaluation of the Method 

If electromagnetic float melting can be applied to larger 
masses and to a variety of metals in vacuo or a protective 
atmosphere, several advantages can be anticipated. 

1—The metal to be melted does not come in contact with 
any confining vessel or crucible during the melting, molten, 
or draining stages. 

2—In an inert or reducing atmosphere or vacuum the 
heated or molten metal can be purified by reduction or 
volatilization of impurities. The volatile impurities will be 
driven off and will condense on cooled portions of the en- 
closures; therefore impurities cannot contaminate the metal. 

3—The molten metal can be gradually drained or it can be 
allowed to drop as a whole while molten. It may also be 
possible to resolidify the molten levitated metal by decreas- 
ing the field intensity sufficiently, or altering the temperature 
of the environment, or both, and then allow the solidified 
mass to drop into a suitable receptacle by further decreasing 
the field. 

4—The specimen can consist of metal powders and alloy- 
ing constituents sintered together or held by a binder. 

5—Alloying constituents can be added to the metal while 
still levitated by the electromagnetic field. 

6—The vigorous agitation of the molten levitated metal by 
the electromagnetic forces provides thorough mixing of any 
alloying constituents. 

7—The frequencies and power required for effective levita- 
tion and simultaneous induction heating are readily acces- 
sible with commercially available alternators. 

The proposed method does require that large currents be 
provided by the tuned circuit. 
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New Anode Breakers for Rectifier Circuits 


tRcuIT breakers used in the anode circuit of ignitron recti- 

fiers are exposed to a service both unusual and severe. The 
current through them is neither true alternating current nor 
direct current; it is pulsating but unidirectional. The maximum 
current the breaker will be called upon to interrupt is almost 
impossible to predict but the rate of rise is rapid and the current 
can be very high. Also the circuit opening must be really fast— 
and the breaker must open positively after perhaps many months 
of being closed in contaminated atmospheres such as are found 
in chemical plants and similar installations. 


The new breaker is designed for quick removal, as shown. 


A new breaker designed to fill this bill operates to limit the 
current in about 0.04 second. It has a roller bearing latch, which 
eliminates possibility of sluggish opening due to corrosion. 
Contacts and arc chutes have been made heavier. The anode 
breaker is developed for metalclad drawovt construction, which 
makes possible a quick interchange of breakers—a factor of 
importance particularly in electrolytic work where continuity 
of current flow is imperative. A special vent is provided to carry 
off the large volume of hot, ionized gases prevalent with inter- 
ruption of non-alternating currents. 


Electric Dehumidifier 


AMAGE FROM moisture in basements, workshops, recreation 
D rooms and other areas can be eliminated with an electric 
dehumidifier. A new model, now available, can remove three 
gallons of water from the air per day and is capable of dehumidi- 
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Low-voltage air circuit breakers can now be supplied in explosion- 
proof enclosures. Breakers with this new enclosure are especially 
applicable in petroleum or chemical plants and other applications 
where hazards such as explosive atmospheres may be present. 
Accurately machined flanges at the joint between case and cover 
make gaskets unnecessary. Shown above is a 3-pole, 600-volt, 
type DB-25 air circuit breaker installed in the new enclosure. 


fying an enclosed space of 10000 cubic feet. It is a compact 
device, 2 feet high, 14 inches wide, and 19 inches deep, and 
weighs only 100 pounds. Therefore, it can be easily moved to 
various locations as needed. 

rhe dehumidifier operates on the same drying principle as an 
air-conditioning unit. A hermetically sealed refrigeration system 
is used to remove water from the air by condensation. Air is 
drawn into the unit by a fan and passed over a copper-tube heat 
exchanger. Excess moisture condenses on the cold copper tubes 
and drains into a container inside of the unit. The dehumidified 
air is then blown back into the room. If desired, the condensed 
water can be piped directly to a floor drain. 

For areas where humidity conditions do not require continuous 
operation of the dehumidifier, the unit can be turned on and off 
at predetermined intervals by means of a timer clock. 

Ihe dehumidifier operates from a conventional 115-volt, 
single-phase, a-c supply, and installation is accomplished without 
special wiring or plumbing. 


Better than Kings 


— WIsH for “‘the good old days?” Better think again. Or 
better yet, take a tip from what happens to a character 
named Joe in a new full-color movie, entitled “Better than 
Kings.”” He gets a convincing 28-minute demonstration that 
today’s modern home has it all over that of yesterday—that 
we truly live better than kings. 

Through a series of flashbacks, Joe, who wished unthinkingly 
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A scene from 


for the good old days, is allowed to view “Grandma” working in 
her old-fashioned kitchen. Disillusioned, he wishes that Grandma 
might see a modern home. Again his wish is granted. In an amus- 


g sequence, Grandma roams through the beautiful, well-de 


signed home marveling at such “new” items as the electric 
dishwasher, refrigerator, freezer, range, fluorescent lights, fans, 
television, electronic air cleaning, and all the other now accepted 
conveniences, Grandma is, of course, amazed and delighted, and 
even tries her hand at using some of the appliances 

The sight of a well-designed home is an eye-opener to 
J ny vho has a new, but poorly planned, electrical home Through 
cartoon sequences, fitted neatly into the story, he 
badly designed electrical system for his home disrupts his service, 
ind how to correct it 


This new movie is a 16-mm color sound motion picture, 


Is show n how 4 


with 
to social and 


ce clubs, professional groups, home-economics students and 


cast of 59 1 movie is suitable for showing 
cry 
It is available on loan or can be purchased. Fur 
ther information can be obtained from Better Homes Bureau, 
Westinghouse Electric Corporation, Box 868, Pittsburgh 30, Pa 


many other 


New Aids for Brazing 
with us a long 


B' AZING, as a method of joining metals, has been w g 
time; yet new tools continue to be developed to make it 
easier and more practical to use. One new alloy is a copper 


phosphorous silver alloy called Phos-Silver, designed for use in 


Airfoil Blades Increase Fan Efficiency 


think 


a. AMLINED modern design, as we customarily 
\J is usually applied to the outside of equipment to improve ap 


n airplane wings 


pearance, Now, the streamlined shape found 
has been applied to the blades of centrifugal air-handling fa 
to increase efficiency and reduce nois¢ rhe result is the Airfoil 
fan, the most efficient centrifugal fan ever br and the quiet 
est. Laboratory tests showed efliciencies ; gh as 92 percent 
Airfoil fans differ from conventional centrifugal fans only 


blade design. Conventional fan blades are backwardly inclined 


flat plates The new blades have the same cross-sectional shape 
Because of this 


as airplane wings, as shown in the sketch (p. 175 
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“Better than Kings,” as Grandma marvels at the new appliances. 


brazing brass, bronze, and copper or copper al- 
loys, especially where temperatures are critical. 
For example, on heavy sections that absorb large 
quantities of heat, its low brazing temperature 
1225-1275 degrees F) substantially reduces 
brazing time. Or, on fine work or low melting 
brass, where there is danger of overheating, the 
new alloy provides an extra margin of safety. 
No flux is needed in copper-to-copper brazing. 
Another new tool is a familiar standby, but in 
new form— Phos-Copper alloy in paste form. This 
consists of finely powdered Phos-Copper sus- 
pended in a petroleum jelly. The alloy in this 
form is intended primarily for resistance braz- 
ing, where it can be conveniently pre-placed. A 
small amount of the paste is placed between the 
pieces to be joined and the joint heated until the 
brazing filler metal flows. This paste is packaged 
in collapsible one-pound tubes, and in 5 and 30 
pound cans. The usual rod and wire forms of the 
alloy are, of course, still available. 


Below, torch brazing with the new Phos-Silver rod. 
Its fluidity and good wetting properties enable the 
new alloy to penetrate tight joints instantly. 


shape and the positioning of the blades in the wheel, an Airfoil 
fan exerts positive pressure on the air over the entire face of the 
blade from leading edge to trailing edge. And since the air flows 
past the blades more smoothly, less turbulence and eddy currents 
are produced in the air. 

Airfoil fans are especially applicable for supplying draft air 
to boilers in steam power plants. One such application is the new 
Astoria Station of the Consolidated Edison Company of New 
York. At this station, four Airfoil fans will be the sole source of 
mechanical draft for two new pressurized boilers. Pressurized 
boiler designs require forced draft fans that produce sufficient 
static head both to supply air for combustion of the fuel and to 
drive the combustion gases through the boiler heat recovery 
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surfaces and thence to the stack. 
Because of the large size of the 
boilers being used at Astoria Sta 
tion (1 370 000 pounds steam per 
hour), two sets of Airfoil fans, 
each consisting of two fans in 
series, are required to supply suf 
ficient air for the combustion of 
fuel for each of two boilers. 
Each set of two fans is ar- 
ranged in series so that the pres- 
sure delivered will equal the spec 
ified draft loss of 38 inches of water. These fans will be driven 
at 885 rpm by 1250-hp Westinghouse motors. 

This series arrangement of fans has the added advantage of 
flexibility in that it permits one-fan operation for off-peak loads. 
Dampers can be adjusted to cause the inlet air to bypass one 
wheel in each fan. For either boiler, any two motors or any two 
wheels can be out of service and the boilers will still operate at 
better than 75 percent of full-load capacity. 

Although this power-plant application is a good example of 
the use of Airfoil fans, they are also well adapted to other types 
of service where maximum economy is required. Ventilation of 
tunnels is a typical example. Another is high-velocity air-con- 
ditioning systems for large buildings. In the latter application, 
the quieter operation of Airfoil fans is an additional advantage. 
The Airfoil fan, the most efficient centrifugal fan available 
today, is designed for use wherever high efficiency and low sound 
level are prime considerations. 


In electronics, such fantastic figures as 10° or 10-" are sometimes 
so dazzling that a number like 3 volts seems a little nondescript. But 
that particular figure—a recent reduction in the arc drop of ignitron 
rectifiers—is far from insignificant to power engineers. It means 
improved efficiency. In a typical electrochemical potline of 12 recti- 
fiers, which usually operate 24 hours a day, 365 days per year, the 
savings in power is $7700 a year. 


Pecan Shells for Cleaning Coils 


fe E ENGINEERS enough time and they'll come up with a use 

for everything! Now it’s apricot pits and pecan shells. Odd 

as it may sound, these two objects form the basis of a new 

method of cleaning generator field coils—a method that not only 

does a better job, but also offers a considerable time-saving. 
It all came about when several industrious 

manufacturing engineers began to search for a 

better method of cleaning field coils. These coils 

range in size up to 18 inches long and weigh 

up to 50 pounds. They are laminated of strap 

copper separated by layers of shellac and asbestos 

paper. The asbestos is initially made a fraction of 

an inch wider than the copper strap to insure 

coverage in case of slippage during pressing. But 

when the straps are pressed into a coil, some 

shellac oozes from between the turns and com- 


At right, a coil is inserted in the blasting machine 
for processing. Below, the before and after views 
of a coil processed by pecan-shell blasting. 


bines with the surplus asbestos to form a hard, rough buildup of 
material on the surface of the coil. This material obstructs maxi 
mum heat dissipation from the coils; yet in removing it, care 
must be taken not to damage the delicate insulation. Previously 
this removal had been done by hand, by scraping and chipping 
the inside and outside coil areas. Obviously this was a laborious 
and time-consuming method. 

The engineers concerned with the problem left no stone un 
turned in attempting a solution. All the common methods were 
tried—and eliminated—one by one. Power-driven wire brushes 
damaged the insulation and by their friction produced a gum of 
shellac. No material could be found to replace the shellac in the 
coils. Common abrasives produced the same result as the wire 
brush. Shot blasting was ruled out because the materials used are 
conducting. Sand blasting was given a try. This cleaned the coils 
but was too abrasive on the insulating materials. Closer inspec 
tion showed that the finished coil had bare spots and areas of 
damaged insulation. Further tests revealed the difficulty of con 
trolling the degree of abrasion closely enough. 

This partial success was enough to show engineers that they 
were on the right track. With a helping hand from a manufacturer 
of blasting equipment, ‘hey tried some rather unusual materials 
Apricot pits, for example. These pits, finely ground and used in a 
standard cabinet-type blasting machine, produced excellent re 
sults. Pecan shells, ground to similar mesh, produced equal re 
sults. The pecan shells were finally chosen to do the job on the 
basis of cost (about three-fifths that of apricot pits). 

The apparent reason for the success of the ground shells, as 
compared to sand or other blasting materials, is their resiliency 
The shellac and asbestos residue is hard and brittle; so is sand 
The result is an extremely abrasive action. The shells, on the 
other hand, are resilient and thus have a less abrasive action 

This solution proved to be a rewarding one. Coils now are 
cleaned thoroughly and with no damage to insulation without a 
laborious hand operation. The time involved in finishing a typi 
cal coil has been reduced to less than half that of the hand 
method. All this with pecan shells, no less! 


“Shock Absorbers” for Circuit Breakers 


eee INSIDE of a circuit-breaker tank would be no place to 
explode a depth bomb. Yet, in effect, the arc energy produced 
by the interruption of a large current produces a very similar 
result in an oil-filled tank, although of course in miniature. A 
new “shock absorber”’ designed for use in 161 kv, 10 million kva 
circuit breakers reduces these shock waves to safe proportions 
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which at rated voltage is 36000 am- wave. The downward component 
resulting arc energy now accelerates oil, forcing it up Air Space 


gh current 
breaker—is interrupted, the 
itself as a shock wave traveling in all directions from into the segment air space, in oil 


the source. The horizontal components cause no difficulty —they much the same way as the up- 
r Upward 
| 


y balanced ward component forces oil up Stet crear 


impinge upon the tank walls and are essentia 
of Force 


However, the downward components strike the bottom of the into the air space at the top of 
tank, while the upward components are expended in accelerating the tank. Thus the net destruc- — 
in unbalanced force downward that is transmitted tive effect is sharply reduced. Component 
of Force 
A floating diaphragm decreases 
the area of oil-to-air contact, 
thus eliminating the possibility 
of the air being absorbed. 
The location of these tanks is 








oil, leaving i 
through supporting members to the earth. This causes supporting 
members to compress momentarily, then abruptly relax. Under 
extreme conditions this could result in overstressing the provi- 
sions for anchoring the breaker to its foundation. 

lo thwart this effect, engineers built into the bottom of the 


tank two compartments of steel, such that when the tank is such that minimum electrical 
clearances in the tank remain the same. In fact, the tanks have 


additional assets in that they occupy a space normally occupied 
by oil not needed for insulation, 


Air Space 


Oil Level in 
Compartment 


filled with oil a volume of air is trapped within the compart- 
ments (see sketch at right). This air acts as a cushion, effectively 
equalizing the upward and downward components of the shock 





Heat from Cold—A Practical 
Installation 


ROM A nonscientific standpoint the heat-pump prin- 
F Gite seems a little fantastic. Heat from cold, no 
less! Fortunately, however, the principle has sound 
theory behind it; in fact, of late it has found increasing 
practical use. An installation in the new office building 
of the Lower Colorado River Authority in Austin, 
Texas, is but one example. 

This 314-story building is heated in the winter and 
cooled in the summer by a heat-pump installation that 
utilizes heat extracted from or returned to a nearby 
lake. Temperature of the building is maintained at an 
even 76 degrees F, winter and summer. 

Essentially this is a straightforward heat-pump in- 
stallation ; however it has several novel features. Water 
from the lake, at about 55 degrees F, is pumped to and 
circulated through a heat exchanger; Freon gas pumped 

Heat — through coils in the exchanger at a much lower tem- 
Exchanges \ ; perature absorbs heat from the lake water; this heat 

plus more created by compression of the gas (and some 
picked up from the compressor’s electric motor) is then 
given up to water circulating in the building’s air- 
conditioning system. In this case the lake water, which 


Three-Way Fan Unit on cc > 
Valve peace =e had entered the system at about 55 degrees F, leaves 


AR 2 at ent 
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it at 35 degrees. 
In the summer the process essentially works in re- 
— verse. The circulating system water picks up heat from 


rm in {hy * Water eek ce aden the building; this heat is passed on to the Freon, which 





oo F === Circulating System Water in turn gives it up to water pumped from the lake. In 
\ caeeiaiteaen this instance lake water enters the system at about 55 
degrees and is returned to the lake at 85 degrees. 
I'wo Westinghouse 75-hp compressors handle the 
Freon compression; these are hermetically sealed, and 
their motors are cooled by the system’s Freon. This 
adds to the heat of compression the amount that 
would be normally lost as heat losses in the motors. 
The whole air-conditioning system is automatically 
controlled. The building is divided into 11 different 
zones, each having a separate thermostat. The whole 
En al T hree Way Fan Unit on system is so arranged and controlled that one zone can 
55 Degrees F : Second Floor be heated while another is being cooled, regardless of 
whether the heat pump is on a cooling or heating cycle. 
An added feature is that when the majority of zones 
call for heating, the system changes automatically toa 
ame Lake Water heating cycle, and vice versa. All this happens with no 


ater 
Temperature 
85 Degrees F moooz Circulating System Water : : * 
<== Freon human control, i.e., entirely automatically. 


Heat 


Exchanger 


Compressor — Condenser 
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ersonality. P rofiles 


R. E. Marbury and W. H. Cuttino repre- 
sent a combined total of over 53 years’ 
experience with capacitors, Marbury with 
32 and Cuttino with 21. Marbury’s activ- 
ity in capacitors began curiously enough, 
as early as 1918 with an avid interest in 
radio and automobiles. (The type of ca- 
pacitor involved in these is a far cry from 
those he discusses in this issue.) In his 
long association with capacitor develop- 
ment, Marbury has been instrumental in 
innumerable improvements in capacitors, 
and especially valuable have been his ef- 
forts in improving their application. Mar- 
bury’s inventive mind has produced a raft 
of patentable ideas—in fact, he has been 
granted an average of two patents per 
year since he first arrived at Westing- 
house in 1917. 

Cuttino came to Westinghouse in 1929, 
one year out of Clemson College. That 
intervening year was spent in construc- 
tion work, and this proved to be the only 
deviation from capacitor work in his ca- 
reer. Obviously he has covered the field 
thoroughly, working at first with coupling 
capacitors and potential devices, and later 
specializing in power-capacitor equip- 
ments, both metal-clad and high-voltage 
open type, and automatic control equip- 
ment for switching them to meet system 
requirements. 


Frank B. Gunter graduated from Ala- 
bama Polytechnic Institute in 1940 with 
a degree of B.S. in E.E., Communications 
Option. He has been exercising that op- 
tion vigorously ever since. He had almost 
no sooner arrived on the Westinghouse 
Student Training Course at East Pitts- 
burgh when he asked for an opportunity 
to go to the Electronics Division at Bal- 
timore. Things being as they were in the 
summer of 1940, an engineer didn’t have 
to ask a second time for an assignment in 


communications engineering. Thus, hardly 
a month out of school, Gunter found him- 
self helping with the design of a radio 
transmitter for the U. S. Navy. This was 
followed by several months’ intensive ef- 
fort on a new radar transmitter for the 
Signal Corps. With the war well under 
way in the spring of 1942, Gunter became 


a project officer in the Radar Branch of 
the Office of the Chief Signal Officer. One 
early task was a mission to England to 
study countermeasures against German 
radar. He became head of the Aircraft 
Radar Section located in Washington, 
later to go to the Mediterranean Theater 
as part of a team to establish short-range 
precision bombing (Shoran), which in 
spite of considerable skepticism on the 
part of many air leaders, proved to be of 
outstanding value in liquidating objec- 
tives unscarred by other methods. 

Returning to civilian life substantially 
where he left off, Gunter helped with the 
design of a marine communication set, 
and had a major hand in creating a mod- 
ern design for a highly successful point- 
to-point communications equipment. In 
June, 1947 he joined the power-line carrier 
design group and in June, 1949 became 
its head. Under his personal direction the 
completely new design of power-line car- 
rier equipment he describes in this issue 
was undertaken. 


This is C. C. Horstman’s third time “at 
bat” in the Westinghouse ENGINEER. His 
first appearance was in our second issue, 
August, 1941. The next in July, 1944. 
Each time he discussed the develop- 
ments in grain-oriented steel of the Hiper- 
sil type. Sounds repetitious. But it isn’t, 
for each of these three pieces discuss some 
truly new aspects of Hipersil progress. 
And Horstman has been intimately asso- 
ciated with each new step. 

On leaving Washington University, St. 
Louis, as an electrical engineer in 1930 he 
went to the Westinghouse Research Lab- 
oratory to work on tube-circuit problems 
and on noise measurements, thence to 
Gulf Refining Company for five years to 
deal with power-layout and illumination 
problems—with instrumentation thrown 
in for good measure. In 1937 he assisted at 
Westinghouse in the design of metal-clad 
switchhouses. In 1938 he moved to the 
Feeder Division, to help develop and 
apply magnetic materials. 

‘Out of this came the development for 
which was granted the basic patent, 
awarded to J. B. Seastone and Horstman, 
on the wound and cut transformer core 
now commonly known as type C. This 
was the first of 15 patents on grain- 
oriented core materials and core construc- 
tions carrying Horstman’s name. Horst- 
man and Hipersil have been like Siamese 
twins ever since. He followed it from the 
materials development stage, through the 
practical core design and manufacturing 
stages, and to the application of the cores 
to specific uses. In recent years his work 
has mostly been on the thinner gauges of 


which he now writes. In February, 1950, 
he was made Advisory Engineer, Specialty 
Transformer Department. On this assign- 
ment he divides his time between Hipersil 
material development, core manufactur- 
ing, and application. 

When press of work permits, Horstman, 
with his inevitable pipe, can be found en- 
grossed in a game of bridge. He enjoys 
equally well a friendly game or serious 
duplicate tournament play. 


. . > 


Like many another engineering gradu- 
ate of 1942, E. H. Browning had iittle 
time to get acquainted with industry. 
When he left Johns Hopkins University 
he entered the Westinghouse Student 
Course, then settled down (in 1943) in 
the Metal-Working Section of Industry 
Engineering. He was hardly comfortably 
seated in his chair before the Navy beck- 
oned. Browning spent the next two years 
as a Lieutenant (j.g.), serving, among 
other things, as a radio-radar officer in the 
Philippines. In 1945 he returned to the 
Metal-Working Section. 

His work at Westinghouse has largely 
been concerned with the application of 
electrical equipment to arc furnaces, 
induction-heating processes, and metal- 
rolling mills. Also, in line with his work, 
he is chairman of the Electrothermal 
Processes Subcommittee of the AIEE. 
Although a newcomer to these pages, 
Browning has turned out over half a dozen 
major technical articles since his return. 


w 





On the home front, Browning says he 
spends most of the summer trying to keep 
one jump ahead of insects and weeds in 
his garden; in the winter he turns to the 
problem of keeping ahead of his competi- 
tors in a bowling league. This, his asso- 
ciates claim, is a problem he solves with 
ease, simply by finishing among the leaders 
each season. 
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